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The Additivity of Universal Standard 
Data Elements, Il 


By Elwood S. Buffa' 


lssociate Professor of Production Management, University of California, Los Angeles 


This paper is a report of laboratory research which was 
performed to gain further insight into the basic additivity 
of universal standard data elements. It is related to a 
previous paper published by the author which examined 
the available literature on this subject, proposed a hypoth 
esis, and an experimental design for the testing of that 
hypothesis (8). The experiments proposed have been 
carried out and the results are reported here. 


Hy pothesis 


A large number of studies have shown that element 
times are intercorrelated, or that clement times interact 
(1, 2,3, 4, 5,6, 7, 11, 14, 15, 16, 17, 18, 19, 20). The meaning 
of this is that element times are dependent not only on 
major variables, such as distance, class of fit, ete., but 
also on the other elements in the cycle and the sequence 
of these elements. Some writers have inferred from this 
that standard data elements were not additive and that, 
therefore, the standard data concept was invalid and not 
a useful tool. Another meaning of additivity is that 7 
(T) = R(t) + E(t) + (t)---E(t,), where T isthe cycle 
time to be predicted and the (are standard element times. 
This merely says that the sum of the expected values of 
the element times equals the expected cycle time. It is well 
known in statisties that, if we have a set of random vari- 
ables wv, y and z connected by a joint density function f 
(rv, y, 2), then the expected value of their sum is equal to 
the sum of their separate expected values, thus Ho (Gr 4 
y+ 2) + (y) + (10). This is true regard- 
less of interaction between the variables. Applying this to 
standard data it should be true that mean values of eyele 
times can be predicted from a knowledge of expected 
values of individual elements. The mean cycle time pre- 
dicted in this manner will, of course, have a variance, 
part of which is accounted for by the element interaction 
or intercorrelation, If the degree of correlation were known, 
a more precise estimate of the eyele time could be obtained 
The question really is whether or not the variance due to 
correlation increases total variance to the point where 
estimates of mean cycle times are not precise enough for 
the uses to which standard data will be put. The major 


\ portion of the work reported in this paper was done while 
the author was under contract to the Office of Naval Research 
Logistics Branch, and working on the Management Sciences Re 
search project, University of California, Los Angeles 
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hypothesis of the experiments reported in this paper is 
that mean cycle times may be predicted from mean ele- 
ment times, 


Methods and Procedures 
Design of Experiment 


hig. | is a diagram of the work place which was used to 
test the hypothesis. The task required the subject to 
assemble two parts in a fixture. Part A was a pin which 
was }!y inches long and '4 inch in diameter, chamfered 
at one end, Part B was a bushing, 44 inch in diameter, !y 
inch thick, and with a concentric hole of 0.26 inch. The 
eyele for the right hand is given below: 
1. Reach to part A 
2. Grasp part A 
Move to manual advanced button, depress button 
Move part A to hole No. 3 in fixture 
Position part A in hole and release 
Reach to part B 
Grasp part B 
Move part B to hole No. 4 in fixture 
0. Position part Bin hole and release 
10. Reach to part A in hole No. 3 
Il. Grasp part A and remove from hole No. 3 
12. Move part A to part Bin hole Noo 4 
13. Position part A in part B 
14. Release part A 
15. Reach to disposal button 
16. Depress button 


Part A was fed to the subject from a dual feeder at a 
rate determined by the subject: for unpaced conditions 
and by the experimenter for paced conditions. Part A was 
taken from the well, a manual advance button was pressed 
and then part A was moved to a fixture and positioned 
in hole No. 3. Part B, which was a bushing, was then 
procured from its rack and moved to the fixture and posi 
tioned in hole No. 4. Part A was then procured from hole 
No. 3 and positioned in the center of part B, which was in 
hole No. 4. The subject then pressed the disposal button, 


energizing a solenoid which withdrew a slide causing parts 
A and B to drop into a disposal chute. The eyele described 
above by the list of 16 elements was called the complete 
cycle. 


An incomplete cycle was formed by eliminating the 
transfer of part A from hole No. 3 to the concentric hole 
in part B. Thus elements No. | through & plus No. 15 and 
No. 16 make up an incomplete cycle. In the complete 
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cycle elements No. 9 through 14 were measured separately 
so that all cycle times quoted in this study are for the 
incomplete cycle actually measured for half of the trials, 
and forecast for the other half of the trials by subtracting 
the time for elements No. 9 through 14 from the eycle 
times measured. The contrast of cycle times measured 
and cycle times forecast for the incomplete cycle forms 
the basis for testing the major hypothesis, and is labeled 
as a variable, Method of Mstimation: 

hour variables were manipulated in the experiment. 
‘These were: 


A, Pace (three levels; two paced, one unpaced 
Method of Pestimation (two levels 

Discrimination (two levels 

1), Hands Used right hand va. both hands 


These variables were combined in a factorial experiment. 
The variable of Pace was introduced into the task by 
means of the dual feeder. The dual feeder was actuated by 
a rotary solenoid, which advanced one part into the well 
just in front of the feeder. The feeder was controlled by a 
synchronous motor driven cam under paced conditions 
The cam closed a normally open micro-switeh which 
energized the rotary solenoid, Another micro-switch, 
timed from the same cam, energized a linear solenoid 
which actuated a slide in the bottom of the well causing 
part A to drop into a box below the table. A part would 
then be advanced into the well by the feeder and remain 
available to the subjeet until the linear solenoid was 
energized at which time it dropped from view, and another 
part was advanced into the well, Different levels of pacing 
were selected by inserting cam rises, “Two levels of pacing 
were selected. These were at the rates of 5.55 pins pet 
minute and 11.10 pins per minute. The lower level of 
pacing was a relatively slow pace for the task and hesita- 
tions were normally required by the subjeet. The higher 
level of pacing was relatively fast and required the subject 
to make an effort to keep up with the rate of feeding. An 
unpaced condition was established by switching the control 
of the rotary solenoid from the control motor to a micro- 
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switch which on being depressed by the subject caused a 
rotary solenoid to be energized and a part to be advanced. 
The manual cycle for both the paced and unpaced condi 
tions remained the same. 

The variable Discrimination was introduced by painting 
a yellow band around part B. The two levels of Discrimina- 
tion were, no discrimination required at the lower level, 
and discrimination required at the upper level. At the 
upper level of Discrimination the subject was directed to 
select only those parts with yellow bands around them from 
the racks. 

The variable, Hands Used (right hand vs. both hands) 
Was a contrast between a lower level where only the right 
hand was used and an upper level where both hands were 
used simultaneously to make duplicate assemblies. This 
variable was introduced as a control variable. 


Instrumentation 


‘Time measurements were made for cycle times and for 
four elements or groups of elements. Measurements were 
accumulated for twenty cycles in all instances so that 
each measurement represented an average. The total 
cycle times were accumulated on a precision clock. In 
order to measure the shorter internal elements, a combina- 
tion of three Eecles-Jordan electronic switches and 
counters were required.? The electronic switches and 
counters had a basie accuracy of 1/10,000 of a second and 
were actuated by the subject as he touched various fixed 
points in the manual eyele. There were no direct electrical 
connections to the subject and the electrical contacts made 
by the subject were sub-threshold. All instrumentation 
Was put into operation by turning a multiple rotary switch. 
This was done by the experimenter and was sychronized 
with the depressing of the disposal button. All time meas 
urements were made for the right hand. 


Kaxperimental Procedure 


Sixteen male university students with preferred right 
handedness served as subjects. The measurements were 
planned to reflect averages over twenty cycles in all 
instances. Mach measurement then had relative stability 
in terms of cycle-to-cycle variation. Each subject) was 
sampled twice for each treatment combination, the first 
sample of twenty cycles being taken after a standard 
practice period of 50 eyeles. A comparison of the first 
sample with the second provides a measure of practice 
effects 

In pretests of the task used, it was noted that major 
changes in the tasks severely affected the subject’s ability 
to perform the task. This was particularly true for changes 
from the complete cycle to the incomplete cycle and vice 
versa. It was the tendency of subjects to introduce extra 
neous elements in the incomplete cycle and to omit them 

* The author is indebted to Christian Rand for his work in 
adapting the Kecles Jordan flip-flop circuits to work measurement 


instrumentation (12, 13 
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in the complete cycles. This was also true to a lesser extent 
for changes in the Hands Used variable. On the basis of a 
negative transfer demonstrated, it was decided that a 
departure from complete randomization of the order of 
presentation of treatment combinations was justified. 
Half of the subjects (chosen at random) were presented 
with a sequence complete-incomplete and the other half 
with the sequence incomplete-complete, on a two-day 
schedule, Each group was further subdivided so that half 
of them were presented with a right hand-both hands 
sequence, and the other half with the reversed schedule. 
Within this structure, the presentation sequence was 
randomized. 

The table height was set at 28 inches and an adjustable 
chair was used to vary the relative height of the subject in 
relation to the table. In all instances the chair was ad- 
justed so that the subject’s elbow was about 3 inches 
ubove the table top with ereet sitting posture. 


Experimental Results 


The factorial experiments described were performed, 
The measurements made were: 


Cycle time 

Time for the Added Element 
the complete cycle). Klements No. 9 through 14 

Time for the Grasp plus Transport Loaded of part B (bush 
ing). klements No. 7 and 8S 


these times occurred in only 


1. ‘Time for the Release of part A (pin) after its insertion in the 
bushing hole. (These times occurred in only the complete 
cycle Klement 14 

5. Time for the Position plus Release of part B (bushing) in the 
fixture. (These times were measured in only the incomplete 
eyele), Klement No. 9 


The specific results and their implications for each of 
these measurements will be discussed in the above order. 


This will be followed by a general discussion of the implica 
tions of the experiment as a whole. 


Preliminary analysis of the raw data for the five meas- 
urements by use of Bartlett’s test for homogeneity of 
variances indicated a rejection of homogeneity as a 
hypothesis for all measurements except No. 4, (time for 
the release of part A). This is not a surprising result since 


TABLE. 1 


Variance, Log Cycle Times 


Mean 


“yuare 


S (Subject 15.0.33485 0.02232 9.3 
Tr. (Treatment 7 1.145460. 16364 68.18 
O (Order 10 100335 0.00335 6.17 
1050 25248 0.00240 4.42 


eve 105.105 
150 007460 000497 0.92 (15.105 
xO 70. OO471 0. 000673 1.24 (7,105 


KO 105.0 05700 0 


Dota 255 1. SO551 
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the very nature of a time seale is likely to produce a 
skewed distribution of observations since the seale is 
bounded by zero at one end and by infinity at the other. 
The practical result of non-homogeneity is that the analysis 
of variance technique for analyzing the data cannot be 
used without adjustment of the scale. A logarithmic trans- 
formation of the data had the effect of normalizing the 
resulting data by reducing the relative variation from 
the mean of the few large observations.’ 

Thus all of the analyses of variance calculations were 
carried out for the transformed scale except for the ele- 
ment, Release of pin, which exhibited homogeneity of 
variances. 


Cycle Times 


The partitioning of degrees of freedom requires the 
separation of Subject effects, Treatment effeets, Order 
effects and the interactions of these main effeets. Order 
effects reflect: possible differences between sample one and 
sample two and as such represent learning effects during 
the experiment. The Treatment effects can be further 
partitioned into the main effects and interactions of the 
experimental variables which are of particular interest in 
this paper. Table | shows the analysis of variance table 
for cycle times. 

Table 1 indicates that there was a significant Order 
effect but that the first order interactions of Order with 
Subjects and Treatments yielded F ratios which were at a 
chance level. Therefore this Order effect is a simple practice 
effect and does not depend on either Subjects or Treat- 
ments. The Subject-Treatment interaction was highly 
significant. Therefore, S * Tr. becomes the appropriate 
error term for testing the significance of Subjects and 
‘Treatments, since we are interested in Treatment effects 
independent of Subjects and vice versa. The F ratios for 
Subjects and for Treatments are both highly significant, 
indicating that Subjects is a variable and that at least 
some of the experimental variables have significant effects, 
The Subject effect is a common result of any experi- 


' There is a parallel between the structure of these experiments 
and an information theory model. The increasing area of choice 
that a subject has as the treatment combinations vary from the 
simplest level where all of the variables are at their lowest level 
to the most complex where all of the variables are at their upper 
levels, represents an increasing amount of information generated 
Bet ween these limits we have the other twenty two treatment com 
binations which present varying degrees of choice to the subjeet 
The decisions to be made by the subjeet, therefore, come from a 
widening area of choice as the treatment combinations go from 
the simplest level to the most complex level. The result of this ix 
that the information generated increases with the increasing com 
plexity of the treatment combinations. The information is given 
by: H = Plog, P\, where the P, are the probabilities of mak 
ing the right choices in the various elements of the experiment. The 
information is a function of the logarithm of the probabilities 
The base of two is commonly used in. information theory because 
of binary code. The empirical and information theory reasons for 
making the log transformation may differ but they lead to the 
same result 
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TABLE 2 
Log Cycle Time, Treatment Effects 


Mean Effect Variance 


«juare 


Kt (Method of Iestima 0.000013] 

tion 
(Diserimination 1 0.1480 62.04" 0.04180 00000469 
(Hands Used 1 0.968 O12) 0 (0000469 
1 0.00150 0.625 
1 (). 242 
1 S70" 0 00000469 
1 0 0054s 2.28 
Total 7 *F 05 (1,105) = 3.94 


ment Where hurtin beings enter the experiment. Individual 
differences in performance is the rule and all known motor 
tasks as well as other kinds of tests of human performance 
Phe Subject effect is not of central interest in these experi- 
ments, however. It is Treatment effects independent of 
Subjects which are of interest and they are displayed in 
Table 2. The variable A (pace) is not shown for cycles 
because cycle time was completely determined by the 
rate of feed of part A. The effeet of Pace on internal ele- 
ments is shown in the other four measurements, In 
computing the / ratios in Table 2, the mean square for S 
x ‘Tr. of 0.00240 with 105 degrees of freedom is the divisor 

The most important implieation of the results shown 
in Table 2 ts that #2 (Method of Estimation) is not signifi 
cant. In other words, the actual incomplete Cycle times 
were forecast by measurements made ino the complete 
eyele and any differences between them were explainable 
as chance variation. This result occurs in the presence of 
highly significant © (Diserimination) 2 (Hands Used) and 
(YD effects, all significant at beyond the 1% level. This 
indicates an acceptance of the basic hypothesis of the 
study, that is, that the elements are additive, or that eyele 
times may be predieted from element times measured in 
other cycles 

Since O (Order) is significant, the effeets shown in 
Pable 2 reflect differences for the second observation only, 
for each treatment combination 


Time for the Added Klements 


The basic structure of the analysis parallels that for 
(Cycle times except that Order and its interactions were 
found to be non-significant, As before S & Tr. becomes the 
appropriate error term for Subjects and Treatments 
Subjects and Treatments were both highly significant at 
well beyond the 1° level. Table 3 represents an analysis 
of the Treatments 

In computing the # ratios in ‘Table 3, the mean square 
for S & Tr. of 0.00229 with 165 degrees of freedom is the 
divisor, The variables of A (Pace) and 2) (Hands Used) 
were significant at well beyond the 1° level. The Paced 
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Unpaced by Hands Used (A-A’ & D) interaction was 
significant beyond the 5% level. 

The Added Elements were those elements substracted 
from the complete cyele to form a forecast of the incom- 
plete cycle. It is to be noted that the variable C (Diserimi- 
nation) is nonsignificant. The point in the cycle where 
discrimination was required was apparently not close 
enough to the Added Elements to produce any significant 
effect. This brings out the important fact that although 
the time for motor elements interacts, the interaction 
takes place with elements that are close together in a 
sequence, 

A logical question at this point concerns the magnitude 
of the Added Elements for if they were minute it could be 
argued that forecast incomplete cycle times and actual 
incomplete cycle times were equal because an insignificant 
element was subtracted from the complete eyele. An 
examination of the data shows, however, that the average 
of Added Elements of 1.41 seconds per cycle was about 
30% of the incomplete cycle time of 4.64 seconds and 
about 23% of the average complete Cycle time of 6.05 
seconds, This is hardly an insignificant proportion. 


Time for Grasp Plus Transport Loading 


The basie structure of analysis parallels that for cycle 
times. Order was significant, however the interactions of 
Order with Subjects and Treatments were non-significant. 
The S * Tr. interaction was significant at beyond the 1% 
level, and again becomes the error term for testing treat- 
ments, 

Table 4 represents an analysis of Treatments. In com- 
puting the / ratios in Table 4 the mean square for S x 
Tr. of 0.00902 with 345 degrees of freedom is the divisor. 
A, B,C, D, and A-A’ & © are all significant at beyond 
the 1% level. The most important fact revealed here is 
that 2 (Method of Estimation) is a variable. This means 
that for Grasp plus Transport loaded the elements that 
followed in sequence affected the time. This is evidence 
that element interaction existed in the experiment. This 


TABLE 3 
Mean Effects Variance 
qquare 

1A’ (Paced Unpaced 10. 00507 2.214 

1 (Pace 10.06605 28 .845* —0.0521 0 Q0000112 
(Diserimination 10.00114 0.498 

D (Hands Used 1 1.15227 503.175" 0. 1096.0 QO000075 
0.450 

10.00244 1.066 

(xD 10.00862 4.764 

10.008S7T4 3 SI6 

10.0257 1.122 

1-A'’XD 5.256" —0 01190 00000168 
1 1000096 O 419 

Total *F O05 (1,165 
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fav 


TABLE 


Gira p plus 


df 


Paced I npaced 


Met hod 


tion 


ol 


fost ima 


( Discrimination 


D (Hands 

1-A’X<¢ 
1-A’XD 
(xD 

ix 

1 AK 
{-A’*XCXD 
1 A'KBKD 
BKCxXD 


ix 


Transport Loaded 


Mean 


10.12075 
10 01000 
10 0763S 


10. 73823 
11. 90054 
10. 00073 
1O0.00145 
10. 00017 
10 01865 
10 04905 
10 01890 
1 0.00064 
1000763 
1002014 
1000033 
1001517 
1000000 
10. 00035 
1002005 
10 00131 
10 00564 
10 001383 
00015 


j 


13.39° 


SI 
220 


Treatment ts 


Variance 


0.02602 0 QO000088 
00204 0 0000059 


0.05365 0. 
10289. 0. 00000059 


0.01352 0 QOOOOLS2 


Tot il 


strengthens the conclusion that additivity may exist for 
mean evele times even though element interaction exists. 

Since the actual discrimination took place in the grasp 
of Part Bit is logical that if C were a variable at all, it 
should be a variable for Grasp plus Transport Loaded. 

As with cycle times, the effeets shown in Table 4 reflect 
differences for the second observations only for each 
treatment combination since Order is significant. 

Again, the question of magnitude arises. Grasp plus 
Transport Loaded contains significant B effects and yet 
forecast and actual times are equal. Can this be accounted 
for because the time for Grasp plus Transport Loaded is so 
small that its effeet is masked in a long overall eyele. The 
average time for the Grasp plus Transport Loaded was 
118° of the evele grand mean and was therefore a rela- 
tively large element in the cycle 


Time for Release of Part A 
Part 


complete cycle. It was this element where variances were 


The time for Release of A occurred in only the 
homogenous and the log transformation was not carried 
out. The basic structure of the analysis is parallel to that 
for Added Elements in that the variable O and its interac- 
The interaction S x Tr. 
was highly significant and well beyond the 1% level and 


tions were all nonsignificant 


was used to test the significance of Subjects and Treat- 


ments. 


Table 5 represents the analysis of treatments. In Table 
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5, the mean square for S & Tr, of 1.66 with 165 degrees of 
(Pace) and 
(Hands Used) are both significant at beyond the 1% level 
The interactions A X C X& D and A-A’ X& D are both 
significant at beyond the 1% level. The nonsignificance 


freedom is the divisor. The variables A 


of C (Diserimination) may again indicate that to be 
affected by the C variable, an element must occur close to 
the point of discrimination in the sequence of elements. 
The significance of A & C & Din the absence of any main 
effeet of Co may indicate that discrimination exerts its 
effect on distant elements only asa stress load builds up, Le 
in the presence of increased pace and a more complex 
motor pattern (the use of both hands). 


Time for Position Plus Release of Part B 


The time for Position plus Release of Part B was meus- 
ured only in the incomplete eyele. The basic structure of 
the analysis is also parallel to that for the Added Hlements 
in that the variable O and its interactions were all non 
significant, The interaction S & 7'r, was highly significant 
at well beyond the 1% level and in Table 6 it is used to 
test the significance of treatments. 

The results of Treatment effeets on the element Position 
plus Release are simple in that the only significant variable 
was 1) (Hands Used) 
hurry a person in performing the positioning element. The 


Apparently the pace level cannot 


variable C (Discrimination) is non-significant even though 
the Position plus Release element was adjacent to the 
Grasp plus Transport Loaded element where the diserim 
ination actually took place. 


General Conclusions 


The main conclusion to be drawn from the experimental 
results is that additivity holds for the conditions of these 
experiments. This conclusion tends to bear out the results 
found by Stiling’s simple knob-turning task (21) and to 
refute the results of the key-tapping experiment of Chhiselli 
and Brown (9). Since Stiling reports that Ghhiselli’s and 
Brown's experiment was based on only one subject the 


TABLE, 5 


Time for Release. Treatment Effects 


(Paced Unpaced) 
1 (Pace 

( (Diserimination 
D Wands Used 
xe 

1xCxD 

A-A'XD 

1A 


207 


Total 1165 
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| 
(Paee 
0.08 
0.16 
0.02 
2.07 
210 | 
0.07 
2.23 
0.04 
1.68 
0.10 
3.22 
0.63 
O15 
23 *F 05 (1,345) < 3.80 
2.03 | 1.22 
| 26049 ool 
6.27 | 3.78 
0.76 O46 
120 
O 
1.3% 
5.87 | 3.64 | 
33) 


TABLE 6 
Log Time for Position plus Kelease. Treatment Effects 


Mean 


(juare 


Af I Effect 


Variance 


A-A‘ (Paced Unpaced 1 0.00871 0.569 

A (Pace (0224 0.45445 

( (Diserimination 1 |) 0.01828 2.029 

(Hands Used 1 | 1.57184 241.080% 0.12796 0.000585 
AKC 0.01003 1. 53s 

AXbD 1 | 0.01682 2.505 

1 | 0.00443 0.679 

1 | 0.00219 0.336 

1 AKC 1 | 0.01129 1.732 

1 | 0.00173 0.265 

1 1 0.01044 2.982 

Total 1} *h O05 (1,165 3.00 


strength of a general conclusion that additivity holds is 
improved 

Are the results of these experiments broadly applicable 
to all kinds of manual work? No definite answer can be 
given. It is important to point out in this regard, however, 
the nature of the task used is representative of light 
assembly tasks and both sensory and motor variables were 
included 

The essence of these results indicate that the general 
construction of existing standard data systems allows 
eyele times to be forecast from mean element times 
measured in different cycles, provided that the sampling 
procedure used in developing the mean element times 
was adequate, 


Conclusions Ancillary to Additwity 


An interesting observation results from an examination 
of the effeets of A-A’ (Paced-Unpaced) for the four meas 
urements taken on elements within the eycle. In no case 
was A-A’ significant. It does not seem appropriate to 
extend this result to manual eyeles in general. The A-A‘’ 
effect represents a comparison of the unpaced with the 
average of the two-paced levels. It may well have happened 
that the average of the two-paced levels selected matched 
the unpaced level. Since Pace was a variable for all meas 
urements taken except Position plus Release it) seems 
illogieal to assume that A-A’ would have been generally 
insignificant if other pace levels had been used. 

Pace itself was a significant variable for all internal 
clements except Position plus Release of the bushing 
(incomplete cycle), It is interesting to speculate why the 
element position plus release should be an exception to the 
general pattern. Positioning elements generally require 
considerable attention which could logically result in a 
lesser response to the increased pace, Since no response at 
all was observed, it seems that further research would be 
appropriate on this subject 


The variable of discrimination was significant for the 
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cycle and for the element Grasp plus Transport Loaded 
(where the discrimination actually took place), but was 
not significant for Release, Position plus Release, nor for 
the Added Elements. Discrimination seems to be effective 
as a variable at the point of discrimination in the cycle 
but does not seem to affect the elements which follow it. 
Although the transport empty of the bushing was not 
measured it was probably affected by the discrimination. 
‘These general results are in contrast to those found by 
Simon and Smader (14). In their experiment, the subject 
grasped a washer from a bin and placed it on one of twelve 
upright pins. On half of the trials, the subject placed the 
washers on the pins with red dots up and on the other 
half, the washers could go on any way. Their results 
indicated that the discrimination was effective on all 
elements. Actually, however, their experiment confounded 
a discrimination variable with a motor variable for extra 
manipulatory elements were required to orient the red 
dot up. The motor variable may well have been the one 
that interacted with the other element times. The results 
of the experiment reported here indicate that this may 
have been the case, 

The contrast between the use of one hand vs. both 
hands was significant for all measurements made. This 
general result agrees with results reported by Barnes, 
Mundel and Mackenzie (6). 


Future Research 


With regard to additivity it would seem fruitful to 
carry out future experiments which would extend to 
variables not included in the experiments reported here 
for example, different classes of fit for positioning ele 
ments, distance effects, different grasping conditions and 
so on. If the additivity hypothesis can be accepted gen 
erally, then a large research project remains to be done 
in developing a workable standard data system for all 
classes of motion elements. This should parallel anthro 
pometric studies of body size, weight, ete., in that large 
samples of the working population of men and women 
would be required, The results should be expressed in 
terms of mean time value and variance. The resulting 
standard data system could be used as a handbook of 
data by engineers designing machines in work places, for 
estimating labor costs of proposed parts and products, 
and as an aid in scheduling job lot parts in a production 
plant. 

Future research into pacing effects seems justified since 
little is now known about how the structure of element 
changes with increasing pace level, Our specific study was 
suggested above, pacing effects on positioning elements. 

In the present study it was noted that the variable 
Discrimination had no effect on the element’s Release of 
Pin, Position plus Release, or the Added Elements. Future 
research could be directed at the determination of how 
many steps away from the point of discrimination inter 
action is present. 
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The following broadcast was made over W ABC, the New 
York City Station of the American Broadcasting System 
on May 14, 1957. It was intended to call attention to the 
then fortheaming National Convention and to make the 
qeneral public better acquainted with Industrial Engineering 
The latter purpose could not, of course, be met by discussing 
the subtleties of the subject nor employing its jargon. 

It is hoped that readers will find this article useful in 
introducing friends, employers or prospective students to 
Industrial Engineering. Also it may serve as an example 
of a successful attempt to talk publicly about a subject that 
Iecomes only when the greatest care 18 exercised 

The Journal reprints the transeript with only minor 
editing to keep the spontaneous flavor of the broadcast which 
was an unrehearsed conversation 
INNOUNCER WABC, as part of its program to keep 
its listeners informed and enlightened progress in 
modern business, presents this special broadeast in con 
neetion With the Might National Conference of the Ameri 
cou of Industrial Engineers, to be held New 
York City at the Hotel Statler on May 16 and 17. The 
Institute, an engineering society, is devoted solely to the 
profession of Tndustrial Mngineering 

‘Tonight, we have with us Mrs. Gene Weeks, of Gene 
Week and Associates, and Herbert Jacobs, of Dunlap 
and Associates, Ine. Industrial Mngineers, who will 
discuss some examples of their work and what is meant 
by Industrial Magineering. The discussion will be moder- 
ated by Professor Frank Gryna, of Rutgers University, 
one of the co-chairmen of the Conference, 

Professor Garyna, could you give us a definition of 
Industrial 2 
PROF, GRYNA Yes. Industrial Engineering ts con 
cerned with the design, improvement, and installation of 
integrated systems of men, materials and equipment 
VRS. WEEKS Couldn't we break that down a little bit, 
rank ? 

PROF, GRYN A Well, Gene, suppose we first start by 
talking about the field of work simplification. Now, you 
have done quite a bit in that area within the banking 
industry, Could you talk about that for a moment? 

MRS. WEEKS Well, ves, exactly as the term implies, 
work simplification is a technique which makes it) easier 
for people to do their jobs. One of the special projects 
we are Working on is to rearrange the money in the teller’s 
cash drawers so that those bills which he uses most fre- 
quently will be right in front and easy to put his hands on 


"A transeript of a broadeast in connection with the lighth 
Annual National Conference of the AITI 
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when they are needed. There has been a good deal of 
research on allied problems, particularly in the fields of 
business machines, now that bankers are eying new 
electronic systems, but naturally we feel that application 
is more limited in banks than it is in industry. Herb has 
probably seen more chances to extend work simplification 
to machines and more complicated technical equipment 
when prepositioning is vital and you want to get your 
work through as fast as possible. 

PROF. GRYN Suppose we extend this to machines 
Is there any fear that the machines might replace the man 
eventually ? 

VRS. WEEKS” Oh! Not by a long shot. The more 
mechanized industry has become, the more jobs have 
been created frequently jobs that are much more inter 
esting to do and which require higher skills, so that you 
get the chance to bring people along and relieve them of 
routine operations such as most people associate with 
factories, like pushing a button or pulling a lever. In fact, 
statistics on that show that when the population went 
up 20°, jobs went up about 70° in the manufacturing 
industry 

DR. JACOBS” Our listeners might recall that the Gil 
breth’s of the Cheaper by the Dozen fame were very active 
in the field of work simplification. 

MRS. WEEKS” Well, as a matter of fact, IT guess they 
are the most celebrated people in it, and they really 
brought it down to terms that people can understand 
Frank Gilbreth has a famous experiment on how many 
strokes it takes to shave himself, and whether he pulls 
the razor up or pushes the razor down his cheek, while his 
wife, Lillian, (who is perhaps more famous for getting 
her family together as fast as possible) brought engineering 
into the kitchen so she could finally get a sink designed 
for her size and use. 

PROF. GRYNA Very recently the field) of Industrial 
Engineering has broadened out to include many, many 
new techniques. Herb, you have done quite a bit of work 
in this area of operations research. What is operations 
research ? 
DR. JACOBS 1 am very glad you brought the subject 
up, because | believe that operations research will become 
an important part of the Industrial Engineering of the 
future. Operations research is concerned with the study 
of major decision problems. These may be problems ot 
capital acquisition or problems in the design and operation 
of large seale systems. Operations research has been 
successfully applied in such diverse areas as the develop- 
ment of military tactics, the scheduling of industrial 
production, and the allocation of sales effort 
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ac 


For many years, Industrial Engineering concentrated 
very heavily on the application of time study and the 
development of job methods. One of the consequences of 
this was that Industrial Engineers tended to become known 
as “efficiency experts’. I am very happy to observe that 
some of the recent developments in this field, operations 
research in particular, are helping to get Industrial Engi- 
neers away from too much concern with operations in the 
small and are beginning to involve them in larger decision 
problems some of which even stand to affect the conduct 
of our entire industrial society. 

PROF. GRYN How about a few examples, Herb? 

DR. JACOBS Well, one of the best examples that I 
can think of is in the operation of a typical supermarket. 
Now you or [, as consumers, for example, have frequently 
done our shopping on a Friday evening or Saturday, 
and we have had to stand in line. Maybe there have been 
live or six people ahead of us waiting to check out their 
merchandise so that they could proceed on home, When- 
ever this has happened to us, we, of course, have become 
quite exasperated and upset by the situation. But look 
at this from the supermarket’s point of view. The fewer 


check-out stations which they have in operation at any 


time means essentially that they can operate at a lower 
total cost. Obviously some kind of compromise is required 
between lower operating costs and unhappy customers. 
Operations research in this particular case concerns itself 
with finding the right number of check-out counters or 
stations to have working at any one time so that it doesn’t 
cost too much to run the store, and so that customers 
won't become too unhappy by having to stand in line 
too long. This is an oversimplified example of what might 
he considered an optimization problem. Similar problems 
occur in the management of inventories, the programming 
of machine production and even the operation of truck 
fleets 

MRS. WEEKS Could you sum it up and say that opera 
tions research is really the best analysis that you can use 
to get facts as a basis for decisions? 

DR. JACOBS 


science or engineering of decision. Many large companies, 


Yes, operations research is really the 


for example, are faced with problems such as where to 
put a new plant, what kind of earth-moving shovel to 
buy to perform a particular mining operation, how to 
control or program their production so that their in- 
ventories don’t become too large. These are typical im 
portant decisions, problems sometimes involving hundreds 
of millions of dollars of cost or capital investment. In 
treating problems of this type, rules of thumb, intuition, 
and “seat of the pants’? judgment simply aren’t good 
enough 

PROF. GRYNA 


problems of the manager today is this question of decision 


Certainly one of the fundamental 
making. Gene, can you tell us how this enters into the field 
of cost control as you have seen it in the banking industry ? 


VRS. WEEKS Well, I guess one of the biggest decisions 
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the banks have been facing and are still facing is this 
question of dividends in the savings bank field, for im 
stance. Competition being what it is, when a fellow across 
the street decides to go up to 3 or 344%, it is pretty in 
evitable that you have got to find out if you can do the 
same thing. The operating cost of mutual banks ts pr 
marily the cost of their services, with no profits in the 
usual sense of the word and most of their income derives 
from mortgages with interest rates that are pretty well 
controlled our present economy. Tt is therefore im 
portant to see that your costs are pared as closely as 
possible so that you can pay this dividend to people 
PROF. GRY NA 


you for a moment. Many of our listeners may wonder 


Iexeuse me, Gene, just let me interrupt 


why «a woman is speaking here as an Industrial Mngineet 
Now there aren't many women in the profession of engi 
neering today. Maybe you can tell us a little bit: about 
why you became an Industrial Engineer or why you teel 
that women can do this kind of work well. 

MRS. WEEKS~— Vd rather answer the question in general 
I think that women have a very positive contribution to 
make to this field. At the risk of bringing down on myselt 
some comments from the men here, | think that women 
do understand people more, and the field of Industrial 
engineering is very basically people in the work place 
Basic Industrial Engineering problems usually revolve 
around how you get people to work together and how you 
get your communication through, how you teach them 
and train them to do an entirely new job and what happens 
when you really upset their apple cart on the work scene 
in order to introduce new techniques or new machines 
DR. JACOBS Would you say that this is kind of an 
applied woman’s intuition? 

MRS. WEEKS-— Well, | was trying to avoid that term, 
Herb, because I'd like to think that Industrial Engineering 
is more than intuition. [tis really an application of scien 
tific methods to the work seene in order to improve your 
methods and make people happier on the job 

DR. JACOBS” last experience that had con 
nection with women in the field of Industrial Mngineering 
took place shortly after my first daughter was born. | 
worked out a very careful schedule for preparing the 
baby’s formula sothat it could be performed in dO minutes 
instead of an hour and a half. [| had no sooner completed 
this study and made what | thought was a very effective 
contribution to the field of Industrial Mngineering than 
my wife insisted T might just as well take over the con 
tinuing chore of preparing the baby’s formula by way of 
testing the feasibility of this scheme. 

PROF. GRYNA- Vhe Industrial engineer is certainty 
concerned with the field of human relations, and we have 
come up with a new term in the field called “human 
engineering.” Now Gene, would you like to) comunent 
on that ? 

MRS. WEEKS Well, the term is new but the field 4 


pretty old. You have always had people on the scene but 
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perhaps our constant preoccupation with people is new. 
Maybe one of the factors is that the labor supply is a 
little bit short and a little bit expensive, so the best use 
of those people becomes a rather important item on the 
industrial seene. Although there is a lot of research on 
this, on just what makes people tick and how they are 
motivated while they are doing things, it is still rather 
interesting to find the human aberrations that oceur in a 
field that is supposed to be pretty well controlled, such as 
quality control, One of our recent experiences took place 
in Italy where they were conducting a complete inspection 
obo a certain product actually IL Was inspected what we 
engineers would call 300%. In other words, it was com 
pletely inspected three times by 3 different people, and 
still 50% of the items were being rejected at the end of the 
line because they weren't working right. In other words, 
you had a human failure along the line even though your 
system Was supposed to be perfected to catch everything 
DR. JACOBS ‘Vhey needed an inspector to inspect the 
Inspector 

PROF, GRYNA 
looked at every single unit that we produced, we would 
find all of the defective units? 

DR. JACOBS 


about that and answer your own question? [| know you 


Wouldn’t it seem logical that if we 


Well, Frank, why don’t you say something 


have had a lot of experience in the field of quality control 
PROF, GRYNA- Well, Gene mentioned that example 
over in Italy. We had to end up with 300° inspection, 
and very frequently we find that if the inspection opera 
tion has any degree ol monotony im it, the human bemg 
just isn’t able to find all of the defective units, so that 
looking at all the units we eannot expeet to find all of 
the defectives 
DR. JACOBS 


wouldn't be worthwhile to turn this discussion for a 


Krank, excuse me, just wondered if it 


moment to the subject of training Industrial Iengineers 
in the future. The engineering field is very attractive to 
many of our people now in high school, and many of them 
must wonder what kind of opportunities are available 
in this particular field. T mentioned a few of the ideas in 
volved in operations research, which is really a special 
aspect of Industrial Engineering. What kind of training 
and preparation can our people look forward to and what 
kind of opportunities are there here? 

PROF. GRYNA 


world, within the past half dozen years or so the Industrial 


Well, speaking as one from the academic 


engineering profession has really spread out among many 
many different universities throughout) the country 
There are quite a few schools here and abroad that offer 
courses in this general area 


DR. JACOBS 


that many of our Industrial Engineering Departments 


Let me just add a note to that and say 


are now offering special courses in operations research, 
statistical quality control, economic analysis and other 
areas. Much more preparation is being required in mathe 


matics, 


statistics, and economies than en 
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gineers have traditionally been exposed to during their 
undergraduate training. 


MRS. WEEKS 


I hope that they are still having some 
courses that deal with leadership too, because one of the 
roles of the Industrial Engineer is to direct the team of 
scientists that have to work on some of the highly mech- 
anized equipment our factories are turning out. 

DR. JACOBS Yes, 1 think it is quite significant that 
more and more frequently Industrial Engineers are 
helping to make important decisions, advising top manage- 
ment on major decision problems. The role of the In- 
dustrial Engineer in our industrial society is becoming 
increasingly important as we concern ourselves with the 
study of large-scale operations in) which substantial 
amounts of capital are invested. 

DR. JACOBS How abgut the role of the Industrial 
engineer just as he graduates from school? Where does 
he fit in with an industrial company? 

PROF. GRYNA— Well most young Industrial Engineers 
must look forward, | think, to a period of preparation, 
of pick-and-shovel work while they are learning the ropes, 
learning how to handle themselves, learning how to solve 
problems. I think that we must expect our young people 
to go through this sort of training and preparation for 
more important responsibilities. 

MRS. WEEKS A recent questionnaire to the member- 
ship of the American Institute of Industrial Engineers 
showed that it covered such a wide field that it is awfully 
hard to pin down exactly where an Industrial Engineer 
begins, either in the product he is making or in the job 
that he is doing. It covers everything we have spoken of 
today and a lot more besides in the field of budgets and 
training and personnel work. 

DR. J ACOBS— We might just mention, too, that a number 
of papers on the newer techniques and newer aspects of 
Industrial Engineering will be presented at this forth 
coming conference of the AITE. 

PROF. GRYNA 
| hope the discussion this evening has stimulated your 
interest to the point where you would like to know more 
about our profession 


Well, 1 see we are running out of time 
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The EKeonomics of Work Performed on a 
Numerically Controlled 


Machine Tool! 


By Thomas V. Atwater, Jr. 


Vice-President and Treasurer, Product Development Cor poration, Boston 


and Robert Gregory 


tesistant Professor of Industrial Manage ment, Vassachusetts Institute of Technology 


The technical feasibility of numerically controlled ma 
chine tools has been established within the past five years, 
\n early and extensive program in this field was the nu 
merical-control project: of the Servomechanisms Labora 
tory of the Massachusetts Institute of Technology. 

The concept underlying numerical control is to utilize 
explicit instructions to control all operations of a machine 
tool during operation. This involves |. micro-instructions 
to specify amount of movement and permissible time for 
cutter, or work piece, or both, 2. a director to interpolate 
motion and time specifications into micro-instructions for 
the machine, 3. control equipment (servomechanisms) at 
the machine to execute the micro-instructions, and 4. a 
feedback system to report machine execution of micro- 
instructions. 

By way of contrast, tracer controlled machine opera- 
tions rely upon complete or partial analogs of the work 
piece and some device attached to the machine to enable it 
to follow the analog 

Numerical control uses digital information (numbers) 
stored on punched paper or magnetic tape to specify 
movements (in increments measured in X, Y, Z axes and 
rotation), and appropriate time for movements for machine 
instruction and control 

In this project a three-motion vertical milling machine 
was equipped with servomechanisms and an electronic 
director, as shown in Figure 1, capable of guiding the 
machine tool automatically through complicated machin- 


Ing programs 


Problem of Economic Analysis 


\n evaluation program was undertaken following the 
formal demonstration of this machine system in Septem 


This article is a summary of a report Economic Studies of 
Work Performed on a Numerically Controlled Milling Machine 
engineering Report No. 18) made possible through support ex 
tended the Massachusetts Institute of Technology, Servomechan 
isms Laborator by the United States Air Foree, Air Material 


Comm ind 
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ber, 1952. The Servomechanisms Laboratory performed 


actual machining jobs for customers to obtain comparative 


cost information and operational and maintenance data 
under something resembling production conditions. While 
the Servomechanisms Laboratory personnel were confident 
of their ability to analyze the technical experience data, 
the authors, staff members of the Sehool of Industrial 
Management, undertook an economic appraisal of the 
work pieces performed .? 

Because the original project was sponsored by the Air 
Force, attention was first directed to the field of military 
aireraft production in which the AMC goals supplant the 
familiar industrial investor’s question, “Does the new 
technique allow an increase in net profit through an in- 
crease in revenue, a decrease in cost, or both?” The Air 
Force measures cost in traditional tertas, but it measures 
revenue only in terms of air power, an elusive mixture of 
number, types, condition, and performance of aircraft. An 


? The technical details and some of the history of this project 
are deseribed in the Final Report, Conatruction and Initial Opera 
tion of a Numerically Controlled Willing Via hine, Part 1. dated 
September, 1952, and Part Il, dated May, 195% 
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4; 
hic. 1. Numerically Controlled Milling Machine 


evaluation of the effect on these factors of extensive appli 
cation of numerical control was clearly beyond the scope of 
our study. As a result, we were forced to limit the study 
to comparative costs and almost totally ignore the impor 
tant performance features of numerical control for which 
we could get no quantitative data 


Costs Affected 


Among the cost factors affected by the advent of numeri- 
cal control are the following 


Part coal 


1. Direet machine time, per part 

2. Machine setup tine 

‘Tooling Comt 

1. Design and engineering cost 

Productivity 

1. ‘The quantity of a single part produced per unit time 

2. The quality of parts produced, and serap and waste ratios 

The variety of purty produced 

1. The variety of parts that ean be handled by a given tooling 
organization 

5. The variety of parts that can be handled by a given produc 
tion engineering group 

Capital coat 

1 The eost of the equipment 


2. Personnel training cost 


S$. The eost of readjusting a work foree to optimize the new 
K 
proce 


1 ‘The cost of retiring existing equipment 


The Servomechanisms Laboratory files yielded reason 
ably complete and detailed information in two categories: 
1. the specifications for some 76 parts that had been pro 
duced, and 2. the expenditure of time for each step in the 
smallquantity production of each of the above parts by 
numerical control 


Areas of Uncertainty 


There was, however, no reliable quantitative informa 
lion in the following areas: 


1) Reproduction cost of numerical control equipment 

2) bffeet of numerical control on the productivity of a produc 
tion system 

$. Whieh part or group of parts produced might be considered 
representative of aireraft production 

1. The relative efheiency of the laboratory operation, particu 
larly in the areas of programming and tooling in’ which 
laboratory personnel had no previous experience 

5. The manufaeturing costs of cooperating companies whieh 
furnished parts to the laboratory for production study 


Purposes 


OF these factors, the last appeared to be the easiest to 
determine and was chosen as a starting objective. A com 
parison of production costs also has the advantage that if 
the new method clearly permits a reduction in total pro 
duction costs, its economic success is almost assured, and 
further study may not be required 

It was therefore decided that the initial objective would 
be to try to answer the question: Did Servomechanisms 


Laboratory costs indicate that numerical control tech- 
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niques were sufficiently developed to warrant industrial 
adoption by aircraft makers? 

It was soon evident, in the machine-evaluation pro- 
gram, that, while it was easy to get sample workpieces, it 
was extraordinarily difficult to obtain reliable data on 
current and comparable costs of workpieces selected. There 
were many different reasons for this difficulty, including 


these causes: 


1. Many parts were experimental and had not been produced 


by any method other than numerical control 


2. Many parts had not been produced with comparable ae 
curaey 

4. It was often impossible to evaluate the effeet of peripheral 
operations such as pre machining and hand finishing 

1. Many companies were extremely reluctant to release their 
own production cost figures unless they were comouflaged 
by overhead and mark up allowances 

5. Most of the parts studied were diverted from normal pro 

duction channels by individuals who were too remote from 

actual production to be able to estimate produetion costs 


accurately, 


Company accounting practices often did not permit a de 
termination of cost for a single part from existing records 
and neither funds nor manpower were available in the coop 


erating companies to obtain such data by special studies 


As a means of sidestepping such difficulties of obtaining 
data, it was decided to obtain estimates of production 
costs from independent job shops for the pieces studied, 
Ten of the sample workpieces machined in the laboratory 
were chosen as reasonably representative of the range of 
work performed. Figure 2 shows the ten pieces selected. 

Kstimates of man and machine times to make each of 
the ten pieces selected were obtained from one or more of 
ten companies referred to hereafter as companies A to J. 
Kach cooperating company (as well as a number of others 
that we approached but which did not, for a variety of 
reasons, work with us) was asked to supply detailed esti- 
mates of operations, manpower, and machinery for making 
a piece, Hach company was offered payment at going mar 
ket rates for its estimating services (seven of the ten 
accepted such payments), and we carefully explained that 
no jobs would be assigned as the result of estimates fur- 
nished. We used every means available to try to keep the 
estimates from being influenced by a company’s need 
either to obtain additional business for its shop or to re 
strict the amount of business that it obtained. 

We furnished blueprints, pictures and sample pieces to 
cooperating companies to study in making their estimates. 
They were asked to describe the production process and to 
estimate the time to make each piece in small (one to five) 
and moderate (25 to 30) quantities. We concentrated our 
attention on those operations required to achieve as 
nearly as possible the same results as were achieved by the 


Servomechanisms Laboratory operations. 


Cost Rates and Job Studies 


Our original study of the ten representative jobs devel 
oped comparative cost information by estimates on each 


Volume Vill, Number 6 


job obtained from at least one independent machine shop 
For brevity, the full data for only one job, the engine 
mount, are presented here. In a later section, the nature 
of each job and production information is briefly de- 
scribed. 

In our full report, operations are listed in enough detail 
to show separately make-ready and piece-production 
costs. Make-ready costs, for numerically controlled pro- 
duction, are classified as 


1. Select a method of manufacture 

2 Compute desired contour, tool center corrections and tool 
center loci 
Prepare tape, including conversion of tool center loci from 
decimal to binary form 
Plan, design, and make holding fixture 
Test and debug program and fixture 


Set up machine 


The operations done by the Servomechanisms Labora- 
tory not involving its milling machine are priced at the 
average rate of SO per hour to cover wages and related 
costs (supplies, other machines, ete.) Studies of individual 
wage rates for the various job skills involved in make-ready 
and operation at the Servomechanisms Laboratory con 
vineed us that an average rate would serve quite well to 
cover all the skills involved. Although economies may 
arise from using less skilled people for some operations, 
they are not considered here 

In addition to labor and related costs, $5 per operating 
hour is included for the time that the numerically con 
trolled milling machine was used (fixture and program test 
Ing, machine setup, plece setup and metal cutting). This 


amount Was estimated as follows 


Cost of anumerteally controlled machine tool (di 


rector ervomechanisms, and machine SOO 000 


Life, operating 2.000 hours per vear 10) years 
Depreciation per hour 

Additional operating Costs (power, 
ete but excluding operating labor tnmeluded in 
cost 


Operating cost of a numerically controlled ma 


chine tool, per hour $5 


This estimated cost of operating numerically-controlled 
machine tools of the type under discussion is, of course, 
subject to question. The capital cost of the original ma 
chine and director developed by the Servomechanisms 
Laboratory is not precisely known. Even if known pre 
cisely, such cost would not be completely suited to our 
purposes because an economy study dealing with adop 
tion by industry involves the cost of the commercially 
aVailable model, not the present experimental prototype 

The estimated cost of $5 per hour for labor and related 
costs not involving the machine and $5 per operating hour 
for the numerically controlled machine tool itself are used 
in assessing the man and machine costs reported by the 
Servomechanisms Laboratory for the job discussed in this 
section. If these rates are not considered realistic in an 
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REAR SPAR 
Forging 


LAUNCHING SOCKET 
Forging 


ENGINE MOUNT 
Solid Billet 


SUPERSONIC NOZZLE 
Casting 


BEARING PLATE 


Casting 


WHEEL-SLIDE CAM 


CRC CAM TEMPLATE PROPELLER TEMPLATE 
Plate Stock 


Tubing Plate Stock 


PRINTED-CIRCUIT BOARD 
Board Stock 


DIE BLOCK 
Die Block 


hia. 2. The Ten Sample Points 


industrial environment, they can be converted to a desired 
rate or rates. 


For cooperating machine shops we classified the opera 


tions as relating to job make-ready or to production of the 
individual piece. Manual operations (designing, drawing, 
caleulating, ete.), were priced at $5 per hour to cover wages 
and overhead. Machine operations were also priced at $5 
per hour to cover all costs, including an operator, This 
average rate Was thought appropriate for the cooperating 
companies (except for one whose estimated cost of $6 per 
hour was substituted) considering wage rates actually 
paid, types of machines involved, and overhead structures 


of the companies furnishing information, 


Engine-Mount Fitting 


The engine-mount attachment fitting considered here is 
“hogout” from a forged billet of 148-T6 
aluminum alloy, approximately 5” x 8” x 8”. A schematic 


an example of a 


print of the piece is shown in Figure 3. Pictures of a partly 
finished piece and finished pieces are shown in Figure 4 


This piece was designed to be made from a forging by 
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hia. 3. Print and kngine Mount Fitting 


machining the mounting surfaces and holes only. How- 
ever, the work in sinking the dies to make the forgings in- 
volved about four months elapsed time. In order to speed 
manufacture, it was decided to make 33 pieces from solid 
billets by machining all surfaces. As it turned out, less 
elapsed time was required for completely machining the 
desired pieces than for sinking the dies and machining 
merely part of the surfaces. 

Information was obtained from the Servomechanisms 
Laboratory and two machine shops concerning production 
of this engine-mount fitting 


Servomechanisms Laboratory 


The Laboratory used its numerically controlled milling 
machine for all operations except the original facing of one 
side of the billet, drilling three holes for hold-down clamps, 
and drilling-boring the holes with shoulders. Some of the 
operations, especially major metal removal, might have 
been performed more economically with a metal saw, if 
available 

The complete program required eight fixtures, six for 
use on the milling machine and two for use on the lathe in 
drilling and boring holes. The fixture problem was acute, 
because the finished surfaces were not at right angles to 
each other and required use of a universal tilting table in 
six operations. Briefly, the fixtures located the piece for 
each operation from three reference surfaces, one in each 
plane. These surfaces were machined in the first opera- 
tions on the milling machine and were maintained through 
out the various operations as long as necessary to provide 
proper location of the work piece. In the last two opera 
tions the center rib was used in place of one of the surfaces. 

‘Twenty operations, thirteen of which were done on the 
milling machine, were required to machine the billet into 
a finished piece. A complete list of the operations indicat- 
ing the machine used for each is shown in Figure 5, 

The costs for make-ready and per-unit cost of machin- 
ing 33 pieces in the Laboratory (excluding the cost of 
drilling and counter-boring two holes and filing-polishing 
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which together accounted for approximately $640 of 
fixtures and $42 of machining by the lab) are shown in 
Table 1. 

The programming time of approximately 278 hours was 
required to determine the exact path of the tool from the 
dimensions given on the drawing. This included computa- 
tion of the equations for intersection of adjoining spherical 


and cylindrical surfaces. Graphically determined tool- 
center loci were used in shaping the cone 

The total cost for the Lablratory to machine the first 
piece was $5,598. About half of this amount was spent on 
fixture manufacture and half on programming and tape 
preparation. The cost per piece, after the first, was quite 
small at only $80 ($54 for milling machine and $26 for 
other operations). These costs are plotted in Figure 6. 


Company I 


A small machine shop near Boston estimated the man- 
machine hours required to cut this fitting from solid metal. 


TABLE 1 


(ost per 
Numerically 


Controllec 
Labor atrolled | ‘Total 
Milling ( A 
Machine 
Cost 


lime 
Hours and 


Programming 
General planning 24 $ 120 
Determining tool-center loci | 254 | $5. $1270 


$1390 
Tape preparation 
Tape code preparation 152 700 
Tape punching, checking and 7s 5 390 
correcting 
Dry run and debug program 25 f $5.00 20 
and fixture 
$1400 
Fixtures 
Design and check 
Detail 
Manufacture 


Machining on numerically con 
trolled milling machine 
Setup fixtures (once per run) 

Setup, per piece 
Metal cutting, per piece 


Other operations 
Setup fixtures (onee per run 
Setup, per piece 
Metal cutting (bore, drill, 
etc.) 


Hand finishing 


Total 
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- a 
i- 
| 
\ 

- 
| 
| 

| 

$2575 
12 5.00 5.00 120 
1.8 5.00 5.00 1s 
; $ 174 
6.5 5.00 33 
. 5 5.00 2 
2.9 5.00 15 
1.8) 5.00 
$5508 


The cost for operations to give results comparable to those 


obtained by the Servomechanisms Laboratory was esti- 


mated as shown in Table 2. 


TABLI 


ost per Hour 
Labor and 
Overhead 


Potal Cost 


Make reads 
Planning Negligible 


Fixtures Negligible 


Machining 
Piece set up 


Mae hining 


The machines involved included a metal saw to rough- 
cut the block to approximate shape, and a milling machine 
and a tilt-head mill to cut the first piece. For produetion 
in larger lots, say 20 to 30, the first piece was placed on a 
milling machine with contour tracing attachment and 
three fixtures, estimated to cost $450 were planned to 
reduce set up time per piece. Set up of the fixtures was esti 
mated to take about as long as the set up for one piece 
described above. Thereafter, machining operations could 
be done faster for each piece. Pieces run with this tooling 
were estimated to take about 50° percent as much han 
dling and machining time as the first one. 

The estimated costs for making up to 30 pieces with the 
machining time per piece expected to decrease throughout 
the lot, can be summarized as shown in Table 3. 

The costs for this company to machine one piece and to 
machine a lot of 30 are plotted in Figure 7. 

As pointed out previously, the manufacturing procedure 


TABLE 3 


Cost per 
Hour Labor 
snd Over 
head 


Total Cost 


Make ready 
Planning Negligible 
Fixture design and make 

Machine first prece 


Piece set up 


Machine next 9 pieces at 90°, 
of unit machining time 
Machine next 1 pieces at 78°) 
of unit machining time 10 
x $105 K 75 
Machine next 10 pieces at 60°, 
machining time 


ol unit 


Total eost for 30 piece $2863 
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hia. 4. Two Views of Engine Mount Fittings. Partially ma 
chined, at top. Completed fittings, below 


actually followed by the Laboratory and the plan pro 
posed by the machine shop consisted of machining the 
engine-mount fitting from a forged block of aluminum 
The original specifications for this engine-mount fitting 
were to machine it from a forging with substantially the 
desired shape. It was thought desirable to explore the costs 
of making dies and using them to forge this piece. A com 
posite forging-plus-maching estimate for this part is 
summarized in the following section, 


Summaries of Comparative Costs 


The information obtained from one detailed study was 
presented above for the engine mount. A brief evaluation 
of the data obtained for the other nine jobs illustrated in 
Figure 2 seems desirable even though the detailed informa 
tion is omitted for brevity, 

The principal metal-cutting areas represented are 4, 
machining to specifications from billet, bar stock, or ex 
trusion; 2. finish machining castings and forgings; 3. pro 
file and three-dimensional milling of cams and 4. tem 
plates; and 5. miscellaneous jobs such as diesinking. We do 
not have enough observations within each area to draw 
firm conclusions, even aside from the problems of repre 
sentativeness of the firms and work pieces included. How 
ever, the studies may be taken as roughly indicative of 
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% 
21 5.00 105 
$145 
= 
| 4 
| 
| 
2) 500 105 
| 


TOTAL COST 


Time 


Minutes 


Description of Operatior 


Handling 
(per piece) 


Cutting 
(per piece 


ide 


billet quare billet if nece 


of raw 


1 Drill three holes diameter, 


excess material 


excess material. 


vertical flange 


Program Summary 


piece 


40 
10 
Yi" deep for hold-down clamps 
— 
Rough steps in billet to remove 3 27 

Rough steps in billet to remove 3 ' 

tool change 

Rough bore 3-step hole in 1") 

Drill 2-step hole at 90° to bored 4 1° 

hole done in operation 4. . 

Mav hine outside of horizontal! 4 
flange leaving 0.050 for finishcut. ’ 

7 - 22 
Machine inside of flanges to { 
approximate contour of finished 

4 
Further machine inside to approxi- 
mate contour. (I2"thick rib 
spherical dia., remove steps.) 
Rough and finish machine surfaces 
of 1/2” thick rib and inside | 
4 
Machine [A"radius between s 
face of L2"rib and inside of 12 
horizontal flange Machine 
radius on end of 1/2” rib 
sontour sphere and sides of 
cylindrical rib. Machine [2 
radius between rib and adjoining 
- 
Finish machine inside of 
— 
Finish machine outside of ; 
Contour cone on outside of hori 
zontal flange. Machine finished 30 
outline of horizontal flange. 
Finish machine outside of 
vertical flange. (Including con 6 45 


horizontal flange. 


flat surfaces 
vertical flange 


horizontal flange 


touring triangular and circular 


bosses.) 


Machine slot in edge of 
flange 


vertical flange 


Finish bore 3-step hole in 
vertical flange. 


Hand Finish 


Machine recess in outside of 


Drill 1/8" hole for cotter pin. 


for Machining the Engine Mount Fitting 
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relative efficiencies in each area, and the reader is always 
free to modify our interpretation by adding his own de- 
tailed comparative data 


Machining from Bar or Billet 


In the area of machining from bar or billet, two work 
pieces involved profiling and hogout work. These were the 
rear-spar fitting and the engine mount already discussed 
in detail. Both might normally be expected to be machined 
from solid stock for prototype aircraft. The rear spar might 
be a hogout or a forging in production aircraft, while the 
engine mount would almost certainly be machined from a 
forging in production aireraft. 

The rear-spar fitting data are distinguished on several 
counts. We obtained informal estimates from one small 
and one large shop, fully detailed Laboratory data sheets, 
and a carefully detailed, step-by-step estimate from a me 
dium-sized shop. The two informal estimates yielded costs 
substantially below those imputed to the Laboratory's 
method at any volume. In turn, the Laboratory’s make 
ready costs were considerably higher than those of the 
well-detailed costs of the third estimator, but the Labora- 
tory’s production costs per unit were enough lower to 
produce a smaller total cost for as few as 12 pieces. Fi 
nally, the two low-cost estimators on the rear-spar job 
planned to use a poured matrix-metal fixture to hold the 
work, and one of them based his estimate on the use of a 
three-spindle milling machine. If it is assumed that these 
techniques are suitable for an ordinary milling machine, 
they are also usable on a numerically controlled milling 
machine. If we make an allowance for these factors and 
focus our attention on actual per-piece setup and machin 
ing times, the Laboratory’s experience is clearly superior 
to all estimates. 

For the engine-mount fitting, on the other hand, one 
small shop indicated that it could substantially reduce the 
costs realized by the Laboratory. This shop, Company I, 
estimated that it could produce the engine mount with 
negligible planning and fixtures. This estimate is difficult 
to accept, since the engine-mount fitting appears to be the 
second most complicated machining job of the ten. Except 
for the connecting-rod die, none of the other nine parts has 
as many odd angles and shapes with implicit: locations 
Unfortunately no other estimate for this piece was ob 
tained on a straight hogout basis so it is impossible to 
compare this company’s figure directly with any other. 

A composite cost estimate for the engine-mount fitting 
Was constructed by securing estimates for forging die and 
production costs on this piece. This estimate indicated 
advantages of the numerically controlled machine for 
prototype production of a part that ultimately will be 
forged. The first 33 parts made by the Laboratory were 
completed in an elapsed time comparable to our estimator’s 
die production time, yet two engineering changes were 
incorporated in the program. Four of the eight: fixtures 
would also be used to machine forgings and almost no 
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Pia. 6. Engine Mount Fitting Costs Laboratory 


further programming would be required to delete the 
finishing operations from the hogout program to make it 
suitable for forgings. 

The rear-spar fitting was relatively simple to program, 
but the engine mount, involving unusual combinations of 
surfaces, was difficult. Also, for both cases, the Labora 
tory’s fixture costs were considerably higher than those 
estimated by business firms, 


Finish Machining 


The second job-area, finish machining on castings and 
forgings, is particularly important, since the numereally 
controlled milling machine was originally initiated as a 
complement to the Air Foree heavy-forging program, and 
generally, such work makes up a substantial proportion 
of all milling machine use. 

In this area three parts were studied with the help of 
six business firms. The most representative part was the 
aircraft: launching socket, which was an aluminum forg 
ing. The second was the supersonic nozzle, machined from 


a mechanite casting; and the third was one of a family of 


bearing plates cast in aluminum, 

Since the nozzle represents a rather extreme case of in 
appropriate machine-tool assignment, it can be treated 
with dispatch. The estimator in the job shop furnishing 
information planned to use a Fischer copying lathe, and 
furnished us a clear and fully detailed estimate. [If we focus 
only on those cost elements reflected in the Laboratory's 
operation, the Laboratory had lower make-ready costs, 
higher per-unit production costs, and total costs lower than 
this company on a small volume of from one to three 
nozzles, The case is interesting chiefly as a demonstration 
that numerical-control techniques can overcome rather 
extreme unsuitability of a machine tool. [tis also support 
ing evidence for our earlier observation that, given favor 
able programming and work-holding opportunities, mu 
merical-control methods can win out in the volume range 
of one piece to a few pieces. It must be remembered, 
however, that none of the small shops that typically ests 
mated fairly low costs was willing to tackle this job 

The companies estimating the cost of machining the 
launching socket represent a reasonably good cross-section 
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hia. 7. bengine Mount Fitting Costs Company I 


of New England job-lot) contractors. The two smaller 
hops displayed significant independence in their esti 
tials with one of them consistently low, the other ordi 
narily somewhere near the average. The two larger shops 
both produce machine tools as well as job-lot- work and 
all four shops have had some experience on aireraft: work. 
‘The estimates submitted varied considerably in the amount 
of detail furnished and in the degree of formality of atten 
tion given to the job, but all were probably fairly repre 
entative of the regular estimating practices of the firme 
upplying them 

Finally, the range of costs resulting from attaching dol 
lar prices to the estimates is strikingly symmetrical, con 
dering the few observations. It has, roughly of course, 
the sume distribution displayed by the aggregate of all 
the 

One of the larger shops had both make-ready and per 
unit production costs substantially higher than the 
Laboratory. The low-cost small shop Wiis BO much lower 
than the Laboratory in its make-ready estimate as to raise 
the question of comparability of work involved. Its unit 
production costs were slightly lower than the Laboratory’s 
cost The other two shops presented the more common 
relationship of lower make-ready costs but somewhat higher 
per-unit production costs, so that the Laboratory's total 
cost funetion dipped below theirs at some intermediate 
volume range. The larger of these shops had somewhat 
lower total estimated costs than the smaller shop, which 
Was Hot the usual experience; but we should also point out 
that this larger shop furnished only informal, though 
reasonably detailed, estimates. Further, this shop gave an 
alternate estimate on this part Which involved higher 
inake-ready cost and lower unit costs based in part on the 
use of a three-spindle copying miller. This estimate indi 
ented that this COMpPany 's total costs for larger lots would 
fall below those of the lowest estimator at about 5O units, 
and would also be lower than the Laboratory's costs at any 
volume. Again, however, it should be noted that three 
pindle tools are thoroughly compatible with numerical 


control techniques It might be significant to add that this 


company had, by 1955, gone into a full-fledged numerical 
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control program of its own, delivering its first commercial 
machine tool with numerical controls early in 1957. 

The bearing plate comparisons, using estimates fur- 
nished by two medium-sized shops, were quite consistent, 
in that Laboratory make-ready costs were higher than 
those estimated by either firm for small or moderate vol- 
umes. Numerically controlled milling-machine unit pro- 
duction costs were enough lower than the commercial 
estimates to produce a total cost cross-over somewhere 
between 10 and 20 units, and to produce 30 units at a 
total cost about one-third lower. 

The bearing plates were simple to program, and, since 
they were a family of parts, it is probable that comparisons 
over the entire lot would favor numerical control even more 
strongly, because tape preparation for each variant would 
probably be less costly than the conventional shops’ 
additional costs 

The most objective judgment of the Laboratory's ex 
perience in this important area is that its costs are now 
competitive and that currently developing improvements 
might well result in clear-cut superiority. 


Profiles and Cams 


The Laboratory experience shows great promise in the 
third area, that of cam-cutting, but our conclusions must 
he somewhat more qualified than they were in the afea of 
castings and forgings deseribed above because the facet 
that the cams considered were probably not typical of the 
area as a Whole. The two cams studied were mathemati- 
cally described and both involved a full 360° rise or fall, 
whereas typically no more than five percent of the cams 
manufactured would have these characteristics. Though 
several methods are used to produce cams in industry, 
conventional production costs probably vary inversely 
with the amount of dwell specified. While this relationship 
would also exist if the numerically controlled tool had a 
rotary table, the costs of cam production on the Labora 
tory’s numerically controlled machine did not vary greatly 
as a function of degrees of dwell because a Cartesian co 
ordinate system was used. 

Two sets of considerations, one favorable to the Lab 
oratory’s operation, the other unfavorable, need to be 
remembered in interpreting the cam-cutting cost compari 
sons. First, favorable factors include the fact that these 
cams were numerically defined and thus could be economi 
cally programmed. Cooperating companies, however, 
were forced to allow for a disproportionate amount of com 
putation in contrast to cams specified by graphs or tem 
plates of some type. Second, cam production ordinarily 
involves a large number of tool-locating moves, an area 
in Which numerical techniques excel. Third, cam produc 
tion generally requires a high level of precision throughout 
The generally uniform performance of numerical control, 
from the start of a tape to its end, is a distinet asset 
Problems of metal cutting, tool deflection, and the like, are 
of course encountered in any method. Finally, cam pro 
duction is ordinarily demanded in the small-volume range 
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for which the Laboratory designed its numerical-control 
techniques, 

On the other hand, two-dimensional cams can be pro- 
duced accurately and efficiently on ordinary copying ma- 
chines if an accurate master is available. For production 
of relatively large numbers of identical cams, therefore, 
many of the above advantages disappear. 

With these points in mind, the Laboratory’s experience 
with the CRC and wheel-slide cams is clearly favorable. 
On the latter cam, the Laboratory’s total costs were below 
those of cooperating companies for quantities well above 
the usual lot-size demanded. The Laboratory’s cost. to 
make the CRC cam matched that of the job shop. In short, 
the Laboratory using a machine tool that was inefficient 
for the job produced results close to or superior to those 
achieved by highly developed, conventional methods. 

Private industry has already applied numerical-control 
techniques to specialized cam-cutting tools. While we have 
not obtained detailed or documented data on these appli- 
cations, Laboratory data indicated early in our study that 
such a move was quite logical. It is perhaps worth néting 
the fact that the rise in demand for automatic computers 
and similar equipment has created an induced demand for 
three-dimensional non-circular, cams and gears. The CRC 
cam, though three-dimensional in design, was cireular, 
Non-cireularity would have affected Laboratory program 
ming costs somewhat, but probably no other elements of 
cost would have changed greatly. Company cost estimates, 
however, would probably have gone up substantially in 
response to non-circularity, since cutting equipment useful 
for circular cams would no longer serve. 


Templates 


Laboratory experience indicates favorable opportunities 
for further application to the fourth area, template manu- 
facture. Many general comments on cam production are 
applicable here. However, template production is typically 
better suited than cams to the Laboratory’s cartesian 
coordinate system, so that the only aspect of machine un- 
suitability displayed here (this was also true for cam pro- 
duction) is in the size of the machine tool used. A small and 


less expensive milling machjne is normally sufficient for 
cam and template 


1. 

We do not have as many observations on templates as 
we should like, for we obtained only one useable estimate. 
This estimate was, however, representative of two others 
that we discarded because of insufficient detail in, partieu 
larly, elapsed-time estimates. 

The picture is quite clear, though. Again the Labora- 
tory’s total costs were below those of estimating com- 
panies for production of a few pieces. Make-ready costs 
were somewhat higher, due largely to the fact that the 
Laboratory used a specially designed and constructed 
fixture, but none of the commercial firms did. The per- 
unit production cost advantage held by the Laboratory and 
the numerically controlled milling machine was substan- 
tial 
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Where more than one template is desired, numerically 
controlled production may well be economical at present, 
since template specifications will ordinarily require hand 
finishing of each unit produced by conventional methods 
The aircraft-propeller template studies is a testing device 
manufactured in moderate volumes, Should subsequent 
developments programming and work-holding show 
numerical-control methods to be competitive with conven 
tional methods in the production of single units of this 
type, the demand for numerically controlled equipment 
and related personnel would be greatly increased, because a 
substantial proportion of the demand for templates is in 
the low, say one-to-five, volume range. 


Miscellaneous Jobs 


In addition to the work-areas summarized above, we 
studied two jobs that did not fit neatly into any of those 
categories, 

The first of these is die-sinking for the connecting-rod 
die-blocks. Two thoroughly experienced shops furnished 
data on this operation based on their actual cost informa 
tion. In spite of the fact that two aspects of the job were 
favorable to Laboratory techniques, the end results of the 
comparison were unfavorable. 

There were two favorable points. First, the symmetry of 
the die cavities made it necessary to program only one 
quarter of the total metal-removing operation with the 
other three fourths cut by rerunning the single tape with 
director signs reversed. Second, ordinary die sinking re 
quires continuous machinist scrutiny of the cavity, so that 
air cooling, rather than liquid, is necessary, and metal 
removal is consequently relatively slow. 

On the other hand, the contours of the cavities were not 
explicitly defined and involved several intersecting sur 
faces. Both of these characteristics result in high program 
ming costs. 

In spite of the favorable aspects of the job, Laboratory 
programming and tape-preparation costs were enormously 
greater than the modest template and lay-out costs for 
commercial machine shops. While numerically controlled 
metal-cutting time was roughly one-half that of the two 
die-sinking firms, our costing procedure results ino almost 
identical ¢osts for this phase of the operation, Conse 
quently, the high program and tape-preparation costs are 
recovered only for relatively large numbers of die sets. This 
relationship would be markedly different for dies that 
require models or masters for conventional production in 
stead of the simple templates required in this case. 

This case illustrates one important aspect of numerical 
control, namely that the costs are not dependent upon the 
accuracy of the work produced. Thus, since the forging 
produced by these dies will be rough and finish-machined 
all over, die accuracy is not of first importance and the dies 
may be produced with simple layout and templates 
There is, however, no significant difference in programming 
for numerical control if the tolerance is 090 inch or 
0.005 inch. Thus while cost of conventional dies would in 
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crease sharply if greater accuracy were required, numerical 
control is already almost as accurate as possible on the 
present machine tool, and the additional accuracy could 
be obtained with little increase in cost 

The second job in the miscellaneous category was the 
printed circuit board, It proved favorable for numerical 
control procedures in spite of the fact that Laboratory 
personnel failed to take advantage of an opportunity for 
efheent programming and work-holding 

The circuit board comparisons are interesting for two 
reasons. First, the Laboratory operation was outstand 
ingly more economical than those of estimating companies. 
Second, this problem, like the bearing plate discussed 
briefly above, involved a family of different but closely 
related work-pieces. The costs we allocated to the numeri 
cally controlled operations were based on the assumption 
that only one board was produced, since we limited our 
investigations to a single board. However, a “library” of 
tapes Was developed covering operations repeated fre 
quently within the family, and the fixture used was suited 
te all boards produced, so some tsight was gained in the 
economies to be expected from numerically controlled 
techniques ina fairly common industrial situation. The 
flexibility of numerical-control programming would ap 
pear to be a valuable asset in firms producing similar 
families of parts, each member of whieh varies from the 
others in one or more dimensions. The paper tapes, which 
verve the same funetion as complicated templates and 
models, are easy and mexpensive to splice, duplicate or 
modify, store, and ship 


The favorable cost comparisons on the eireuit board also 


lustrate meely the value of numerical-control techniques 


in the production ol pieces that require tool 
relocations. Discontinuous operations, which the tool 
does not work between stations on the work-piece, appear 
to be a particularly fruitful area for exploration. A’ large 
New England machine tool maker has, since this study, 
developed a numerical control system for its precision jig 
borers and hole grinders 


Summary 


To summarize this section on work-classifications, we 
note that the ability of the Laboratory's numerically con 
trolled mulling machine to compete with established shops 
using a Variety of tools ina wide range of metal-cutting 
areas is Tost impressive. Since all parts were designed for 
conventional methods, this is a remarkable aecomplish- 
ment, leven those cost studies least favorable to the Lab 
oratory operation showed numerically controlled metal 
cutting to be faster than conventional, but the studies 
emphasize the need for further improvements ino make 
ready operations, A substantial reduction ino make-ready 
costs might be expected to result simply from integration 
of numerical-control techniques into the overall industrial 
fabric 

\ rather surprising result of this study was the spread 
of the present-cost data. Figures S and & indieate the 
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range of data obtained. Figure 8 summarizes the total 
make-ready and machining costs for production of a single 
piece. The total make-ready and machining costs for the 
Servomechanisms Laboratory are treated as 100 for each 
piece (regardless of the dollar amounts actually concerned ) 
with the cost estimates for cooperating companies con- 
verted to percentages of the Laboratory's costs. This puts 
the costs for each workpiece in comparable terms, but 
comparison between various workpieces is not meaningful. 

Figure 9 shows the cost of machining 30 of each work- 
piece. Again, the costs for each piece are converted to 
relatives with the Laboratory's cost for each piece equal to 
100 percent, 

An important fact brought out in Figure & and 9 is that 
the Laboratory’s costs lie high in the range of estimates. 
\nalysis developed the fact that programming and tool- 
ing are chiefly responsible for the relatively high total 
costs of the Laboratory’s work, 

Among the conclusions that may be drawn from this 
study are 


1. It is possible for a contract manufacturing facility to exist 
and continue to do business, at present, in the midst of com 
petitors who can at least estimate work at much lower costs 
The new technique of numerical control, as practiced by the 
personnel of the Servomechanisms Laboratory using an ex 
perimental machine, permits work to be done at costs which 
lie within the range of costs estimated by firms practicing 
presently established techniques 
If the Laboratory group had been able to carry out tool de 
sign and manufacture as economically as the cooperating 
Companies estimated that they could, the Laboratory total 
costs would have fallen more nearly at the center of the 
range of estimates 
Any appreciable improvement in programming and tape 
preparation techniques will render numerical control clearly 
economical even without improvement in the machine tool 
equipment. Conversely, any system requiring more costly 
programming procedures, would seriously reduce the range 
of jobs whieh can be performed economically 


These conclusions should not, however, be accepted 
without reservation. They are based upon a small and 
uncertain sample operation, in which it has been impossible 
even to estimate most of the uncertainties. However, our 
initial question, relating to the economic feasibility of 
adoption of numerical control techniques by aircraft 
makers, can be given a qualified “yes.” It is not clear 
whether this reply should also be given to less-specialized 
machine-tool users. 


General Evaluation of the Study 


It was stated earlier that in) comparing production 
methods the effeet of the new technique on revenue would 
not be considered. Within the framework of this limitation, 
it should be possible to draw one of the following three 
conclusions : 


1. Cost savings of numerical control are large enough to wat 
rant serapping existing equipment immediately, and re 
placing it with numerically controlled tools 


2. Cost savings of numerical control are not enough to warrant 
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immediate replacement, but warrant purchase for expansion 
normal replacement purpose 
S$ Use of numerically controlled tools does not afford any cost 


Basis of Comparison 


Whether cost savings warrant immediate adoption Is 
the most severe test that any new method or tool faces 
hor an affirmative answer to this question, total revenue 
minus total cost with the new method must be greater 
than total revenue minus out-of-pocket costs with the 
old 

Most potential users would have to determine conelu- 
sion 1, for themselves, on the basis of detailed, highly 
specific analyses. We believe, however, that our study can 
lead ton general choice between conclusions and 
after some consideration of our study methods, data- 
gathering techniques, and evaluative decisions 


Pricing the Estimates 


If numerical-control metal-cutting techniques were 


closer to conventional techniques, it might not be neces 
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sary to show costs in terms of dollars for the cases selected 
for study. That is, if our studies required only comparisons 
of two rather different methods using different quantities 
of similar inputs, the study could be done in terms of the 
familiar labor and machine-time evaluations often used 
by Industrial Engineers. Dollar costs would probably be 
used to determine the outcome of the comparisons, but it 
would not be necessary to price the numerous inputs that 
were identical for both methods. However, the numerical- 
control production technique differs from conventional 
metal-working processes at every step from design through 
inspection.® 

This radical difference made it necessary to secure cost 
estimates that were fully detailed and carried through the 
same range of the production processes by both techniques. 
In general, we were able to obtain such information. How- 
ever, it Was necessary to price physically non-comparable 
inputs and express the costs for each method in dollars as 
a common denominator. 

Despite this need for dollar prices, our main effort to 
secure precision Was restricted to acquisition of technical 
details. Capital costs (control-equipment construction and 
installation costs, development expenses, and learning 
times), labor skill requirements, and prices involve sub 
stantial areas of guess-work. Our “average rate” of $5 per 
hour for the operations estimated by the job shops cooper 
ating in our study seems to reflect fairly accurately the 
costs of operators and machines of the types discussed 
here. The same rate was also used for skilled operations 
not directly involving machines (designing, calculating and 
inspecting). 

In a similar fashion, for numerical-control techniques, 
we have used a flat figure of $5 per hour to cover labor and 
related costs, and a separate charge of, $5 per hour for 
numerical-control-equipment amortization and related op 
erating costs. We did not try to reflect more precise 
figures, because further refinements in’ pricing would 
represent purely illusory precision. We felt, for instance, 
that an early adopter of numerical-control techniques 
might find it necessary to assign more skilled operating 
labor than Laboratory experience has shown to be neces- 
sary. Ultimately it would probably be possible to reduce 
skills assigned, but neither we, nor labor economists we 
consulted, are prepared to guess how long this might take 

Also, as we have noted, there are large geographical 
variations in labor rates and practices which are best 
handled for our purpose by averaging methods 


Analysis of the Cost Comparisons 


In analyzing the data collected, it must be remembered 
that there is no single suitable definition of business cost, 
but that cost classifications must be tailored to analytical 
purposes. With this principle in mind, we propose to 
examine our cost studies in more detail. 

‘For an interesting experiment in collecting comparative esti 
mates from metal-working shops, see Automatic Machining, June 


1057, pp. 56 ff 
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First, it will be noted that the usual theoretical economic 


cost curve assumes the existence of an optimum process. 
Thus, for any selected output of a given product, a combi- 
nation of inputs which will display the least cost is chosen 
(“production function”). The specific process and material 
inputs used will be economically equal to or superior to all 
possible alternatives. That combination will be chosen 
Which is most efficient at the desired output, taking ac- 
count of both ‘physical input-output coefficients and 
expected price relationships. 

In practice, however, these conditions will be only 
approximated at best. And, more important for this 
study, the most efficient combination can usually be 
achieved only over a long time by accumulating experi- 
mental knowledge of technical alternatives, substitution 
relationships, and price behavior. Obviously, numerical- 
control techniques are too new to allow us to anticipate an 
optimal, technical balance among the numerous and 
complex variables associated with even relatively simple 
jobs. On the other hand, the conventional techniques on 
which our estimates are based are the result of long periods 
of trial and error, and cumulative development. Despite 
this long development period, few firms can be expected to 
be familiar with all relevant alternative methods for 
producing «a particular work piece that they have not 
actually produced 

Similarly, many variables associated with conventional 
job-shop production methods can be priced in terms of 
well-established and fairly well-defined markets, although 
there is ample evidence that price estimates tend to be 
made in a somewhat perfunctory manner. The corre 
sponding input variables for a numerical-control produc 
tion system, on the other hand, include a substantial 
number of elements for which no market prices have been 
established. It is not possible to secure adequate estimates 
of future supply of and demand for such technical person 
nel as programmers or methods planners, or for the equip- 
ment installed and in operating condition. Our cost-value 
findings are, at best, only indicative of the rigorously 
defined cost functions found in economic theory. 

\ second deviation from the economist’s “production 
function” is our assumption that, for a given production 
technique, total costs are directly proportional to the 
volume produced, Consequently, we have assumed that 
all cost estimates can be adequately graphed in relation to 
volume by means of straight lines. 

The characteristics of numerical controlled machine 
tools are in fact likely to result in a linear cost-volume 
relationship. The probable linearity results from the faet 


that every piece in a given production lot is produced by 


rerunning one or more tapes. Numerical-control production 
techniques may allow some process modification as a 
function of volume largely by means of fixture design 
and materials handling, but little experience is available 
on this point. Actual machining times would presumably 


not be substantially different over any relevant volume 
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range, because essentially the same methods would be 
employed. 

However, by virtue of the flexibility of current produc 
tion methods, conventional shop practices are more likely 
to display curvilinear cost functions. It is ordinarily both 
feasible and desirable to change production methods, and 
often materials and the product itself, in response to 
variations in the desired volume of output. The data that 
we collected from estimating shops reflect substantial 
changes production methods on several jobs as 
size”? was increased. We show these types of estimates as 
separate cost functions because of the substantial differ 
ences in fixed and variable cost elements ordinarily in 
volved. 

It is necessary in any empirical investigation to assign 
confidence limits to the relationships developed. While we 
are not in a position to do this in a rigorous statistical 
fashion, we can at least note that on this count, data ob 
tained from the Servomechanisms Laboratory are some 
what closer to the theoretical model than are cost figures 
developed from cooperating company estimates because 
the Laboratory actually made the pieces and kept reason 
ably detailed and systematic records of man and machine 
times. Cost estimates, on the other hand, inevitably con 
tain some uncertainty. In most cases the estimators were 
to some extent familiar with a wide range of alternative 
methods, although some alternatives were not real, be 
cause suitable equipment Was not available, Also, different 
shops tended to evaluate differently the eflicieney of a 
given method. Metal-working theory is distinguished by 
substantial gaps and many areas of controversy 

In other words, the Laboratory’s costs were based on 
actual experience with products, whereas ino only two 
instances Was satisfactory data obtained from an outside 
firm that had actually produced a piece selected for study 
Further, we found no shops that had made any substantial 
attempt to record and evaluate the accuracy of their past 
estimates. We concluded that it was best to present all 
estimates, with as much detail as practical about the 
circumstances under which they were gathered, in order to 
permit readers to try to evaluate their probable accuracy 


Servomechanisms Laboratory Data 


Data on Laboratory operations were gathered from 
two types of records, First, a series of job-analysis memo 
randa prepared after the job by the programmer in charge 
and, second, the daily machine-tool log sheets kept by the 
machine operator. 

These data were compiled by individuals working in an 
educational and scientific atmosphere. They were spot 
checked and appeared to represent accurately the actual 
total time spent on each job, including the normal non 
productive time of each individual. In most of the ten 
jobs studied here, the actual time recorded was consider 
ably in excess of that estimated for the job before it was 
undertaken. These figures, therefore, actually include all 
hidden costs often overlooked in preparing job estimates. 
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The experience records, while reasonably accurate, 
reflect to an entirely unknown extent many factors severely 
disturbing to the objectives of this study. For example, 
during much of the period covered by these data, the 
engineering group Was expanding. In order to familiarize 
new personnel with the system, each engineer's first assign 
ment Was the programming of a workpiece. No quantita 
tive data were available to indicate the effect of this poliey 
on the indicated costs. Again, no attempt was made to 
insulate the operating personnel from a continuous stream 
of visitors or to prevent a special demonstration from 
disrupting the production operation whenever the occasion 
appeared to warrant, Thus, while it is obvious that the 
broader, educational objectives of the Laboratory often 
took precedence over the specific objective of obtaining 
production for comparative cost) purposes, no 
allowance has been made, since the effeet cannot be 
measured 

\ paramount problem arose from the fact that many 
pieces machined by the Laboratory were substantially 
more intricate than the average work done by milling 
machines 

hurthermore, the variety of jobs machined was so great 
and the runs so short that insufficient experience was 
obtained with a particular type of work to gain appreciably 
from such experience, Many jobs were unique, so that the 
kill developed by the Laboratory staff was not directly 
transferable to other jobs 

Some Laboratory jobs consisted of enough similar parts 
(lor example, a set of templates each varying slightly from 
the other) to constitute a family that enabled personnel 
to make good use of its skills en successive parts, but too 
much of the planning and programming work was at the 
low EX Pelee, high-cost end of the learning curve. Con 
tinued operation would probably have enabled the Labora 
tory to draw upon its body of planning and programming 
experience in much the same way that any organization 
does as a technique becomes well established. A COmpany 
utilizing numerical-control techniques would probably 
need to develop policies concerning types of work to be 
done in order to develop skills in certain areas 

The Laboratory is part of a non-profit organization, and 
its motives and the motivations of its staff do not always 
lead to lowest costs for either its operations, in general, or 
processing preces by numerical control, in particular 
effective research is considered far more important than 
production 

The Laboratory has a limited machine shop so that, in 
some cases, it used its milling machine to perform opera- 


tions that might have been done better on other equip 


ment, Similarly, jigs and fixtures were often manufactured 
on second-best machines and at higher costs than for a 
well-equipped shop 


Outside-Shop Data 


In some job studies, it was difficult to obtain strict 
comparability between operations estimated by cooper- 
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ating companies and those performed by Servomechanisms 
Laboratory. Ideally, identical results in machined pieces 
would serve much better than similar operations in 
machining for developing economically comparable data. 
Regrettably, there were several causes of non-compa- 
rability. First, cooperating companies often started with 
earlier operations (or continued with later operations) 
than those covered by Servomechanisms Laboratory data, 
hecause the Laboratory was primarily interested in the 
numerical-control phase and tended to de-emphasize 
some of the initial and subsequent operations or had them 
performed elsewhere. Second, materials actually available 
to the Laboratory and assumed to be available to coop- 
crating companies were different in some cases (for 
example, the supersonic nozzle was cast in two halves for 
the Laboratory to mill, but Company H assumed that it 
Was cast in one piece for turning on a lathe), so that 
substantial differences in required operations arose (in 
this case, the Laboratory’s production method required 
brazing the two halves together). Third, in some cases 
the Laboratory did not inspect and gage its work as care- 
fully as some cooperating companies planned to do, but 
left these tasks to the person or company for whom the 
demonstration piece was cut. However, in other cases, the 
Laboratory gaged some pieces (notably templates) more 
carefully than was physically or economically possible by 
conventional techniques. Fourth, the surface finish pro- 
duced by servo-actuated cutting tools differs in appear 
ance from that obtained by other methods, and it| was 
not possible to place an economic value on this difference. 

Another source of uncertainty in our data obtained 
from conventional machine shops was our inability to 
convey to them the precise nature of the information we 
wanted for comparison with data generated in the Labora- 
tory. There were numerous reasons for this—some institu- 
tional, some communicational. 

Conventional machine shops are accustomed to ob- 
taining specifications in ways that are rather narrowly 
defined for any particular type of job. Specifications 
expressed in other forms may result in substantial addi- 
tional effort to couvert from the unfamiliar to the familiar 
form or, in some cases, complete refusal to deal with un- 
familiar specifications. 

Our experience indicated that the size of a machine 
shop had some bearing on the care used in estimating. 
Larger shops tended to make more elaborate analyses of 
materials, tolerances, and specifications for a job than did 
small shops. This additional care apparently resulted 
because larger shops had an estimating department with 
specialized and experienced personnel, well established 
routines, and formalized reporting procedures. Small 
shops, on the other hand, were likely to have only one 
estimator who might spend much of his time at other 
assignments, have informal routines, and furnish reports 
in a poorly organized manner. 

Although our information was not sufficient to document 
the point, we have the feeling that, for identical jobs, 
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larger shops quoted substantially higher man-and-machine 
cost estimates to us than did small shops. There is an 
industry-wide belief, which we were not in a position to 
check, that small companies are willing to quote a low 
price to obtain an order with the expectation that the 
price can be renegotiated upward. 

Larger shops with more facilities should, if specializa- 
tion counts for anything, be able to do work at less cost 
than small shops. The estimates that we obtained do not, 
however, bear this out The man-machine cost estimates 
of larger shops having many special-purpose tools seemed 
to be higher than the small shops with few machines and 
almost no special purpose tools. 


There were indications that large companies have a 


downward bias in any informal estimates furnished by 


management that is proportional to the number of mana- 
verial layers between the person closely associated with 
the operation (machine operator, process engineer, or 
estimator) and the person reporting (president, vice 
president, or superintendent). Apparently, the farther a 
person is from a task, the less likely he is to remember 
the difficulties, mistakes, and other factors contributing to 
high costs 

To a far greater extent than we would have judged 
possible before undertaking our field work, it appeared 
feasible for high-cost producers to earn a profit over a 
considerable period of time in the job-lot metal-working 
industries. This situation reflected in part the relative 
importance of such non-monetized variables as proba- 
bility of compliance with delivery, technical competence, 
and reputation among buyers. It also reflected imperfect 
knowledge and faulty communications in what is, after 
all, an enormously complex ‘market’ that is highly 
segmentized with respect to experience, reputation, geog 
raphy, adequacy of available equipment, and rates of 
technological advance, 

Further, the firms in this manufacturing area, and even 
more the machine-tool producers among them, have 
continually faced heavy cyclical swings in their volume 
that are far more pronounced than those affecting business 
at large asa result of the accelerator effect. A slight increase 
in the demand for consumer products is capable of pro 
ducing a large increase, percentage-wise, in the demand 
for subcontractors’ services, and an even larger rise in 
demand for machine tools and other basic capacity factors, 
A slight drop in the rate of increase of consumer purchases, 
conversely, can produce a large reduction in basie market 
wetivity 

Under these conditions, even a highly inefficient operator 
can get profitable business on a sellers’ market where the 
loweost firms are operating at full capacity with substan 
tial backlogs of orders. The gist of these observations is 
that, in a market of this kind, there is an excellent chance 
that one firm or more, in each geographical area providing 
a substantial volume of metal-working contract work, 
could operate profitably utilizing the Laboratory’s numer 
ically controlled milling machine as it stood in 1954 with 
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out any technical alterations, but with, probably, some 
improvement in the make-ready costs of programming, 
tape preparation, and fixture design and construction 
The key to such profitable operation, however, would not 
be costs and prices lower than those currently prevailing, 
because there are no such ‘prevailing’ prices this 
market. Profitable operation would turn largely on the 
firm’s ability to find an adequate volume of work at 
prices exceeding full costs during periods of relatively 
high demand 

Given successful solutions to the problems which ac 
counted for high Servomechanisms Laboratory costs, 
plus the availability of relatively standardized commer 
cial models of numerically controlled tools, a much stronger 
conclusion could be supported. 


Future Developments 


The numerical control cost studies show a consistent 
pattern of high make-ready costs and normal to low 
production costs. Make-ready costs include: 


1. Fixture design and production, consistently higher in the 


Laboratory than in outside shops 
2. Programming 


4. Tape preparation 


We can safely neglect fixture costs, since fixtures are no 
more intricate, and may be less intricate, when numerical 
control is used. If outside shops are able to design and 
build fixtures more economically than the Laboratory 
now, their economies will apply direetly to numerically 
controlled tools when used by industry, 

The other costs, however, deserve some attention. The 
parts used in this study were programmed by hand with 
the exception of the supersonic nozzle, which was done 
by hand and by high-speed computer, and the wheel-slide 
cam, for which the data were caleulated by computer and 
the tape was punched by hand. It is possible to automatize 
portions of these operations by using automatic computers, 
and by modifications in the design of the equipment, 

Kirst, approximately half of the tape-preparation time 
can be eliminated by using a more efficient tape code than 
that used by the M.LET. Air Foree milling machine. This 
saying has already been demonstrated in a prototype 
director-system developed under private sponsorship at 
the Laboratory and now in commercial operation. 

Second, automatic digital computers can perform the 
computations necessary to obtain the tool-center loci 
When used for this step, they can punch the machine 
control tape directly, 

Some significant work to reduce data preparation costs, 
done at the Laboratory parallel to and following out 
initial study, dealt with the problems of programming 
and tape preparation 

The use of digital computers at M LT. and elsewhere 
for preparing control data for the milling machine was 
studied and reported by Runyon (1). Program sub-routines 


for essentially automatic computation of control data for 
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cutting circles, cams, a plane spiral, a template, a surface 
of revolution, and cones were developed for Whirlwind I 
(a large scale electronic digital built at M.LT.), 

tunyon found the break-even point in automatic com 
pared to manual data preparation depended on the particu 
lar job, method of presenting its dimensions, and avail 
ability of computer routines and sub-routines. Automatic 
data preparation, measured in terms of number of tool 
center points computed, was considered more economical 


under the following conditions 


1. More than ten points, if a routine for a similar job were 

2. More than 100 points, if a new routine was required assuming 
ub routines available for most steps and convenient presen 
tation of dimensions 


). More than 1000 points for anything, except composite curves 


wid surfaces, involving wholly new pragrame 


Runyon also surveyed the ability of commercial com 
puting services for preparing machine control tapes for 
the supersome nozzle (see Figure 2) and air foil templates, 
Prices quoted by four services for data preparation for 
the nozzle ranged from $100 to $2,200. After completing 
the work involved, for the nozzle, three of the four com 
puting services quoted prices ranging from $500 to $7,725 
lor airfoil templates. Runyon’s procedure for obtaining 
data differed from ours for he actually tested price quota 
tions by having computing services prepare machine 
coutrol tapes. Numerous difficulties that arose in making 
atistactory tapes reflected complexities of the parts, 
methods for specifying dimensions, and the Laboratory's 
representation of numbers (nicknamed “Chinese 
Octal’ in the Laboratory) on punched paper tape to 
control the milling machine 

Runyon's suggestions (Chapter VIL) for extending his 
tudy touched on metal cutting geometry; numerical 
methods; subroutine libraries; and suitability, application 
and economies of general purpose computers for preparing 
control data for machine tools 

Siegel continued to work on the problem of more effec 
tive utilization of digital computers to reduce tape prepara 
tion costs (2). Siegel developed a processing routine to 
transform the Whirlwind TP computer (but adaptable to 
other large scale digital computers) into a special machine 
with characteristics designed specifically for machine 
tool programming. The input language to describe machine 
instructions, based on ordinary English and mathematical 
Hotations, is far simpler than the intricate instructions 
associated with digital computers. The output is punched 
paper Lape sultable for use in the mulling machine Logical 
and numerical procedures involved in the program to 
convert input information take place automatically so 
that little or no training in digital computation is required 
for use of Siegel's system 

Limited use of the experimental version of the processing 
program developed by Siegel indicated that people skilled 
in numerical control could easily learn the input language 


and its connections in less than an hour. Correct input 
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tapes have been produced on the first try despite complex 


ities of the parts. Programming time for one piece was 
reduced from eight hours by manual methods to less than 
fifteen minutes for the processing routine. Computer 
time was less than a minute, exclusive of initial read-in 
of the processing program. There are indications that 
Kunyon’s and especially, Siegel’s techniques for computer 
processing specifications of parts to prepare control data 
tapes will be adopted by industry. 

Ii summary, it appears that the immediate future will 
bring substantial reduction in those areas that this study 
showed were the most costly. In addition, those types of 
cost-reduction that are better handled in industry are now 
presumably being effected, since numerical control tech- 
niques are now in limited but promising production use. 
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The years immediately ahead are crucial, and there is 
no mistake about it. To gain prospective for this discus- 
sion, let us review the highlights of some of the major 
economic and social factors that will determine the warp 
and woof of America’s cultural fabrie-to-be, particularly 
those that will significantly influence the environment 
wherein Industrial Engineering will be required to make 
its unique contribution. As | see it, at least six of these 
should be underscored (there are others, of course). Here 
they are: 


1. The ominous clouds that are hanging over our civilization 
2. Society's evolving dominant role in the power structure 
The employees’ changing status and needs 
Society's increasing demands upon business and its manage 
ment 
The vulnerability of industry and its leadership 
The relatively recent emergence of management as a pro 


lession 


All of these, [ submit, though emanating from widely 
different sources, will soon synthesize in a way that will 
focus on industrial and business management and will test 
them to the limit. IT further submit that the fate of western 
civilization as we know it may well be riding on the way 
the manager operates as the impacts of these pressures 
converge. And finally, | submit, the Industrial Engineering 
function can be a strong right arm for management in those 
critical times and might indeed “make the difference”, 
but this will be the case only if the Industrial Engineer has 
huilt his personal foundations solidly as a necessary base 
for a sound professional super-structure. 

Let us discuss each one of these six points briefly as 
background to develop this premise: 


Ominous Clouds 


There are indeed ominous clouds hanging over our 
civilization. It is far more than just an academic matter. 
Serious students of the world scene are distinctly disturbed 
over the trends that are developing. For example, Albert 
Schweitzer, properly designated “this century's greatest 
citizen’, has this to say 


We are living today under the sign of the collapse of civiliza 


* Based upon a presentation to the Portland Chapter of AITE 
it their charter night meeting on May 23, 1057 
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Atkinson Company, San Francisco, California 


tion... .. What yet remains of it is no longer safe (11, p. 1-2 
The history of our time is characterized by a lack of reason which 
has no parallel in the past... There is today only one explana 
tion, viz., that we sought to live and to earry on a civilization 


which has no ethieal prineiple behind it (11, p. 87), 


Or listen to Elton Trueblood, one of our top-grade so 
cial philosophers: 


The sober truth is that, as a people, we do not believe we are 
engaged in a race with catastrophe. We are not aware of the dan 
gers we face, and consequently we are doing relatively little to 
meet them. If we could put the same keen intelligence and careful 
judgment into the revival of faith and the discovery of the proper 
objects of faith that we now putinto the production of magnificent 
machines, man’s life on this earth might come into a new and 
glorious day. We fail to do this because we do not read the signs 
of the times or listen to our prophets (12, p. 19) 


Pope Pius XPT in his 1957 Kaster message said the fol 
lowing: 


Iivil habits in every form have reached such degrees of preco 
city, impudence and universality as to arouse serious misgivings 
in those who have at heart the destinies of the world 

The human race seems like a body _ in which the blood eireu 
lates with great difficulty, sinee individuals, classes and peoples 
persist in remaining divided and subsequently without social 
intercourse 

When they do not ignore each other they hate each other, plot 
against, struggle with and destroy each other (14) 

Let us conclude this all-too-brief treatment wherein we 
have omitted any reference to communism simply because 
it is viewed here as more effect than cause by this state 
ment by Trueblood : 


When we say that the most urgent problem of our time is the 
spiritual problem we are opposing directly the popular opinion 
Most people do not believe it (12, p. 17). 


Society's Role 


In the western world, perhaps the most significant o« 
currence in the last two centuries has been the emergence 
of the so-called “common man” as a dominant force 
While we sometimes tend to overlook this meaningful fact, 
comparison of the past with the present makes it quite 
clear. 


The beginning of the industrial revolution occurred in 
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hades, 


the latter part of the [Sth century. At that time feudalism 
i thie 


eryvant relationship existed 


dominant social organization and a master 
People, as such, had little 
power and had relatively little social worth except as they 
fulfilled the somewhat insignificant roles that destiny had 
thus far assigned them. While some social philosophers 
and many religions had called out for reforms, these were 
heard as voices erying in the wilderness. Such things as 
declarations of independence and of the rights of man, of 
hills of rights, and the like were being discussed but had 
not reached the hour of decision, In fact, almost a hundred 
years would have to pass before America would rid itself 
of slavery 

Contrasting that situation with the present, so far as 
the social evolution of people as persons is concerned, we 
can readily recognize that startling progress has been 


made 


hinployee Status 


\nother evolution that probably is a corollary of the 
previous point concerns the status of the employee as such 
Avain referring to the industrial revolution, we have indi 
cated that people weren't worth much at that time. I 
hould stress that this was a facet due to the culture of the 
time and was not due to anything inherent in the industrial 
ystem. At the start of the development of the factory 
ystem, people as employees assumed the only role their 
ociety could adjust to; that is, they were in a quasi-feudal 
ism such that the factory owner was similar to the feudal 
lord and the workers were like serfs. Of course this has long 
ince disappeared, but the sears of the old wounds in 
flicted during the earlier confliet: periods are still close 
enough to the surface to cause pain when the gomg gets 
tough 

This evolution has resulted in the emergence of people 
from being just unidentified masses to being dignified as 
individuals. The upward climb has given us a new sociab 
base witha consequent realignment of forces so that we now 
contemplate the middle class whatever that is as being 
composed, in part, of industrial employees. “These em 
ployees are now vastly better educated and informed; they 
have achieved a measure of unparalleled 
ity, of maturity, and of sophistication. And, in the western 
culture at least, they are undergirded by a political freedom 
that, in the final analysis, makes them in facet ultimate 
controllers of the situation. In this great emancipation of 
the “common man’, it is not conceivable that he will 
tolerate the social irresponsibility of industrial organiza 
tions that cannot or will not face the facts of life concerning 
the changing status of the individual who happens to be 
an employee 


Peter Drucker puts it this way 


Man must have status and function in his society in order to 
be a person But the group's own cohesion and survival also 
depends on the individual's status and function; without it: the 


group is a mere herd, never a society, And only a society that 


gives status and funetion to its members can expeet their alle 
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giance. Status and funetion of the individual members are the 
requirements of individual and social life. They are verified by 


all historical experience (3, p. 151-152 


And © 
adds this 


A. Ohmann of Standard Oil Company of Ohio 


Our goals in business have been too materialistic. For most 
people, the job is the center of life and should be the source of 
many of its greatest satisfactions. We are learning (only gradually) 
that high pay, shorter hours, and greater fringe benefits are not 
the answer. There is a hunger for something worth living for, a 
search for meaning and social significance, and a desire for self 
expressive service, These goals will not be satisfied by move 
bathtubs, deep freezes, T.V. sets, or automobiles (7) 


Increasing Demands 


That an increasingly enlightened society ts placing in- 
creasing responsibility on industry is apparent. The whole 
field of public relations is one evidence of management’s 


” 


awareness of “the public’s’ new status. The plight of 
chemical plants and stream pollution, of smog and con 
templated legislation regarding it are pertinent examples 
of this. 

But the problem is far deeper than that and a public 
relations department cannot cope successfully with the 
more profound implications of it. An observer of the cur 
rent scene who happens to be an Muropean industrialist 
has stated recently: 


Man never desires strongly anything except that which he be 
lieves to be immediately available, either to him or to his direct 
descendants. That is why, parallel to the acceleration of technical 
progress, an immense desire for greater material well being has 
violently got hold of the whole of humanity of those who truly 
were suffering from hunger, cold, the sicknesses of malnutrition 
and of ignorances, as well as of those who already enjoyed a mini 
mum necessary to their physical and intelleetual flowering All 
these people began to desire avidly the superfluous whieh, 
tomorrow, will be within their grasp 6, p. 20 


This may be quite obvious but the implications of it 
might not be as clear. Let us pause a moment and consider, 
If society has built up this great desire for things and if it is 
denied them by (as it may assume) industrial management 
and its staff who can’t produce in terms of this demand, 
what then? Peter Drucker provides an answer and_ it 
isn’t reassuring: 


Historically, 


permanent concentrations of power, at least in private hands, 


society has always refused to allow. such 


and certainly for economic purposes. However, without this 
concentration of power which is the modern enterprise, an indus 
trial society cannot possibly exist. Hence society has been forced 
to grant to the enterprise what it has always been most reluetant 
to grant 

This, however, imposes upon the business and its managers a 
responsibility which not only goes far beyond any traditional 
responsibility of private property but is altogether different. It 
cnn ne longer be based on the ption that the self interest of 
the owner of property will lead to the public good, or that self 


interest and publie good can be kept apart and considered to have 
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nothing to do with each other. On the contrary, it requires of the 
manager that he assume responsibility for the publie good, that 
he subordinate his actions to an ethieal standard of conduct, and 
that he restrain his self-interest and his authority wherever their 
exercise would infringe upon the commonweal and upon the 
freedom of the individual (4, p. 382-3), 


He also points out: 


This responsibility is absolute and cannot be abdieated. No 
Inanagement can be relieved of it. Managements are in the habit 
of saying that they have a résponsibility to the shareholder for 
profits. But the shareholder, at least in a publicly owned company, 
can always sell his stock. Society, however, is stuck with the 
enterprise. It has to take the loss if the enterprise does not produce 
adequate profits, has to take the impoverishment if the enterprise 
does not sueceed in innovation and growth 

For the same reason management has public responsibility 
to make sure of tommorrow’s management without which the 
resources would be mismanaged, would lose their wealth pro 
ducing capacity and would finally be destroyed (4, p. 387) 


Vulnerability of Industry 


Well, what about the future? What are the problems 
that make industrial management vulnerable? In our 
limited amount of time here let us consider just this busi- 
ness of meeting production and social needs. The problems 
will be very real. It has been estimated that within the next 


20 vears the following events will occur in America: 


1. Total population will inerease by at least two-fifths (2, 
p. 1M 
jut working age population will increase less than one third 
2, p. 184 
Therefore, substantially greater productivity will be re 
quired just to keep even; anything less could result) in 
ruinous inflation 
by these statistics it seems likely that the eritical searcity 
of employable persons will probably get worse 
Not only that, but the inereasing improvements of the 
standard of living as demanded by society, including indus 
trial employees, will exert a substantial pressure on manage 
ment to produce the things persons will want to buy and 
will be able to buy. The publie has long accepted remarkable 
production records as par for the course. Industry will be 
required to “come through” again and again and anything 
less than suecess will be quite unacceptable) And a sober 
thought is that a lot of persons a majority of them, but 
not all, are behind the Tron Curtain are betting it can’t 
be done 
Concurrently, employees will be demanding more leisure 
time, which is to say shorter hours, and the power of their 
organized strength, coupled with their relative immatu 
rity in economies, will contribute to the heavy inflationary 
pressure that will be present in inereased amounts, (At 
least, the pressure will be inflationary unless we attain a 
productivity improvement at a rate not previously reached 
not presently predictable 


But employees will not be content solely with economic 
gain. The evolution of our social order to date gives us 
every indication that the employee will exert pressure to 
obtain the ‘‘good life’ within the work situation as well as 
outside it. As has been stated before, as a general rule 
people do not aggressively seek the unobtainable; how- 
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ever, there is the bloody evidence of history to support the 
point that the reverse is also true. 


Management as a Profession 


This leads to the final point of the six which considers 
the fact that management has emerged so recently as a 
profession, The so-called “father of scientific manage 
ment”, Frederick W. Taylor, did not begin his pioneering 
work in this field until the 1880’s and any kind of general 
acceptance of management as a profession did not occur 
until well after the turn of this century. 

Management has thus been required to evolve during 
the last fifty years, while the stability of this period has 
been upset by two world wars, a depression in the 20's, a 
worse one in the 30’s, a Korean and a continuing cold war, 
During this same period of time we have witnessed the 
transfer of the administration of business from the owners 
to the professional managers, and ownership itself has be 
come widely dispersed with the rise of the corporations 
and the distribution of stock shares. 

Out of this has come a management that is rapidly 
maturing. Such words as human relations or even more 
significant ones such as morals, ethies, and the like are 
getting into the vocabulary and practice of responsible 
business men and women on an increasing scale, They are 
as tools to be used rather than platitudes to be uttered 

Things are indeed on the move. That this can be demon 
strated by the hard fact of payoff, and thus is not only 
altruistic but also realistic, is well illustrated by this state 
ment of Ralph Cordiner, President: of General Mleetric 
Company 

If we were forced to rely entirely on conventional method 
of increasing productivity, | would be inclined to regard this woul 
(of increasing General Eleetrie productivity by 50 per cent in 
less than ten vears) as wishful thinking. Our laboratories and 
factories will continue to find ways to produce more and better 
goods with a lower expenditure of time, effort and cost. But we 
cannot expect the physieal science to carry the whole load 

There has been «a growing realization in American industry that 
great untapped opportunities lie in finding ways to develop more 
fully our human resources, Teehnological advances and the in 
creasing complexities of managing under today’s and tomorrow’ 
conditions have made manager development a necessity as well a 
an opportunity. Those who have been closest to this field believe 
that an opportunity exists in General electric to increase produc 
tivity 5O per cent in the next ten years through better management 
alone (4, p. IS4 


Cordiner is pressing the point that as management ma 
tures, it finds more advantageous ways of dealing with 
people so that group effort will be more effeetive. He im 
plies that these future improvements will come about as 


management learns to translate the aspirations of people 


into motivations for creative purposes 


Role of the Industrial Engineer 


The question is, what position will Industrial Mngineer 
ing assume during this transition? Will it be on manage- 
ment’s first team or in some subordinate role? 
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It is important that we reflect on this. For this is a defi- 
nite trend away from the primacy of task-centeredness, 
from emphasis on things, that has been the hard core of 
Industrial kngineering’s stock-in trade. In short, this re 
quires not only a re-examination of the Industrial Engi 
neering basic definition, but also of the role its profession 
alism should take 

Let us therefore turn to the definition of Industrial 
engineering that was developed by the Long Range Plan 
ning Committee of ALLE in 1955 


Industrial bagineering is concerned with the design, improve 
ment, and installation of integrated systems of men, materials 
ind equipment. It draws upon specialized knowledge and skill in 
mathematical, physical, and social sciences together with the 
principles and methods of engineering analysis and design to 
specify, predict, and evaluate the results to be obtained from such 


The key words here, in the emphasis | am placing, are 
draws on specialized knowledge and skill in... social sev 
ences, The words social sciences deserve considerably more 
attention than we Industrial Engineers have given them 
thus far 

So much for definition, Now with regard to profession 
alism, Donald K. David says this 


Mere technical competence in the affairs of business and on 
viiministration i not enough to qualify a businessman for either 
success or le idership No man can be really competent in the 
operation of a business in doing his part in the production of 
goods and services without giving thought to the efleet upon 
hix own business not only of the rules and regulations imposed 


by society but also of its current hopes and aspirations (1, p. 160) 


On the specific subjeet of the personal responsibility for 
professionalism by the individual Industrial lengineer, 
Moi. Salveson has made this valuable contribution: 


Indeed, the Industrial lengineer now must give his field a “new 
look’’, define his objectives in the light of his enlarging job, and 
prepare to meet the coming challenges. For, surely as a man is 
mnensured by the problems with which he is confronted, so also 
will our profession be measured. Whether that measure be reduced 
to time study and quality control or expanded truly to Industrial 


Knginecring lies collectively in our hands (9, p. 22 


Our hands, he says, not management's, not anybody else's, 


our hands 

The Long Range Planning Committee of ALLE also 
issued an important pronouncement at the Cornell Sym 
posium concerning the profession of Industrial Engineers 
from which quote 


Motivation is the mainspring of attitude, Seeking to render 
service as the prime motivation is the overriding objective of any 
professional endeavor, This need not exclude other motivations 
such as economic ones. Yet one of the hallmarks of professional 
attitude is recognition of the service motive as the supreme target 
\ profession cannot demand reeognition by the publie. It 
must earn this, like respeet, by deeds not just by words, Thus 
netion, not merely creeds, is required before democratic society 
is Willing to bestow the distinetion of professional character upon 
any activity. In that endeavor, the progressive philosophy of the 
Industrial Engineer is the key ingredient for ultimate and lasting 


sticeess (15, p. 
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What is our philosophy —or, what is my philosophy —is 
a question over which we well might ponder 

As a sort of footnote to this excellent summarization, 
the dynamic aspect of professionalism is stressed by James 
L.. Schuler of the Bureau of Ships when he says: 

As professional men we should strive to keep our professions 
moving. We should neither deride nor fear new names, new lan 


guages or new ideas. If we must deride, then deride stagnation 
10, p 36) 


So as we move forward, it seems that we must also move 
upward. It is inescapable that the professional plateau will 
have to be much higher in the future, To meet successfully 
the challenge of the years immediately ahead, we must 
establish better criteria for the profession of Industrial 
engineering. This will require concepts that are much 
broader, much deeper. These are new dimensions fitting 
into complex social equations of a higher order 

If we should be able to do this, Industrial Engineering 
will find itself flowering into the full professional maturity 
that can be its destiny. If, however, Industrial Engineers 
settle for something less than their best, it is quite conceiv- 
able that, as Dr. Salveson has warned, they will find 
themselves pre-oecupied with techniques for productivity 
improvement within the framework that is commonly 
referred to as “task management”. Task management con 
cerns itself primarily with things; and, although they are 
important things such as output, cost, schedules, and 
margins, the danger is that Industrial kngineering, as it 
secks to implement industrial management, will likewise 
give its primary attention to things. Important though 
they are, these approaches will not lead us away from the 
distressing climate nor will they alleviate the causes of 
the climate out of which have formed the ominous clouds 
alluded to by Schweitzer and Trueblood, 

What I have been talking about is the need of all of us 
who presume to guide and direct the actions of others, 
whether in line or staff, to achieve for ourselves an ade 
quate philosophy for personal living that can give us 
stability, inner poise, intuitive common sense, empathy, 
maturity. Also an overall broad view (Weltanschauung ) 
for, as Clarence Randall (former Chairman of the Board 
of Inland Steel) has said, “This... has been the aim of 
the philosopher through the ages: the opening of men’s 
minds to the relationship of the part to the whole (8).”’ 
We industrial Engineers must deal with the whole of this 
complex reality that is our life’s work and not let ourselves 
yet lost in the maze of interacting parts. 

Mr. Randall made a further observation that “... the 
art of management, even in an industry that rests for its 
success on the achievements of the scientist and the engi- 
neer, requires a broadly cultivated mind (8).”’ 


Cultivated Mind 


What is a cultivated mind? About a hundred years ago, 
Cardinal Newman spelled this out in the following state- 
ment regarding liberal education: 


(It) is the education which gives a man a clear, conscious 
view of his own opinions and judgments, a truth in developing 


Volume Vill Number 6 


them, an eloquence in expressing them, and a force in urging 
them, it teaches him to see things as they are, to go right to the 
point, to disentangle a skein of thought, to detect what is sophis 
tical, and to discard what is irrelevant. It prepares him to fill 
any post with credit, and to master any subject with facility. It 
shows bim how to accomodate himself to others, how to throw 
himself into their state of mind, how to bring before them his 
wont, how to influence them, how to bear with them. He is at 
he 


knows when to speak and when to be silent; he is able to converse, 


home in any society, he has common ground with every class; 
he is able to listen; he can ask a question pertinently, and gain a 
lesson seasonably, when he has nothing to impart himself; he is 
ever ready, vet never in the way; he is a pleasant companion and 
a comrade you ean depend upon; he knows when to be serious and 
when to trifle, and he has a sure tact which enables him to trifle 
with gracefulness and to be serious with effect. He has the repose 
of a mind which lives in itself, while it lives in the world, and which 
has resources for its happiness at home when it cannot go abroad 
He has a gift which serves him in public, and supports him in 
retirement, without which good fortune is but vulgar, and with 
which failure and disappointment have a charm. The art which 
tends to make a man all this is the objeet which it pursues as use 
ful as the art of wealth or the art of health, though it is less suscep 
tible of method, and less tangible, less certain, less complete in 
its results (5, p. 32 


This is an excellent overall summary that can be a hall 
mark for personal growth and professional maturity for 
Industrial Engineers who wish to make a really significant 
contribution in the years ahead to the future of America. 
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The trend toward greater mechanization of operations 
In mnanulacturing industries is accelerating, Capital invest 
ment and employee productivity data tend to prove this 
tatement. Also, observation of the industrial seene makes 
the truth of this conclusion apparent 


What is automation? 


This mechanization of operations is loosely characterized 
as the automation movement. But which applications of 
machinery and equipment are properly examples of auto 
mation, and which are mechanization of a lesser degree? 
These questions confront us with a need for definitions, a 
need, however, which ts largely academic 

hor example, at an International Harvester Company 
technical conference, Mr RoC. Archer, Viee President, 
Manufacturing, said (and [ quote) 


In our own manufacturing plants we have found it benefieral 
to ulthze automated equipment for many operations You 
will see examples of a number of these appleations I am sure 
that you will find it difheult to determine whether the processing 


employed is ‘mechanization’ or ‘automation.’ The differences 


are of little interest to the Harvester Company We are interested in 
hoth of they provide us with lower costs, higher quality, greater safety 


or working conditions 


In Practical Automation (MeCraw- Hill Book Co., Ine 
the authors handled the problem this way (and T quote): 


This book's viewpoint of automation is broadly inelusive 
Phat is industry interprets and applies sutomation this 


way. In essence automation is the currently popular brand 


of technological progress concerned with inereasing productivity 


wherever people work 


The Methods Engineering Problem 


hor the main purpose of our discussion this broad view of 
automation will do. The question that faces those con 
cerned with Tndustrial Engineering policies and practices 
is not one of defining automation. Their problem is that 
of planning and administering a methods engineering 
program with enlightened recognition of the automation 
(or, mechanization, if you prefer) trend, 

Does automation threaten to eliminate the need 
for traditional methods engineering program? \uto- 
mated machines and production lines provide tremendous 
cost and production advantages. Manufacturing cost 
reductions of SO°> have been noted. Automation has 


multiplied the output of some processes by several times 


Methods kingineering and Automation 


By Robert S. Rice 


\asuciate Editor, Factory Management and Maintenance 
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Certainly these are benefits that are worth pursuing. But 
first sight of some automated processes is awesome. They 
are complex structures, often involving unique applications 
of electrical, electronic, hydraulic, pneumatic, or mechan- 
ical technology. Their rough design is beyond the ken of 
the average methods engineer, 

The engineering groups that conceive, design, and install 
these “monsters” are not displacing methods engineering. 
There are two reasons: one, despite the speeding trend 
toward automation, there remains, and there will remain 
in our time a preponderance of “unautomated’’ operations 
in need of improvements that methods engineers can 
generate, and two, there is work for methods engineers 
that is directly and indirectly related to automation 
projects 

Maynard, President of the Methods Kngineering 
Council firm of management consultants, is in a good 
position to observe the effeets of automation on methods 


engineering. He says 


It seems to me that, from the beginning, Industrial Engineer 
have been interested in the mechanization of repetitive processes 
They have been able to design the simpler types of gadgets and 
work assisting devices themselves, and have worked cooperatively 
with tool designers and machine designers on the mechanical 
devices that require a specialized skill in design. There will be 
many (plants) where so-called “whole automation’ is not prae 
tical. Here, it seems to me, the Industrial Engineering funetion 
will be performed as it always has been 


Is automation relegating methods engineering to 
a less important role? No, emphatically not. Actually, 
the opposite is the case. A large automotive company, for 
Instance, appears to have attached real significance to 
methods engineering after it had committed itself to 
automation, 

Thomas M. Ware, Administrative Vice President of 
the International Minerals & Chemical Corporation, thinks 
that: 


the Industrial Engineer must be much more broadly trained 
in his ability to pereeive problem situations, and to conceive of 
fresh, tailor made approaches that may be used to solve them 


drawing broadly from engineering, economic, and management 


skills 


However, from the comments of these men, and from 
the comments of many others, it is clear that methods 
engineering, as conceived by alert and thoughtful execu 
tives, is changing under the influence of automation 
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In an article in the November-December 1955 issue of 
The Journal of Industrial Engineering D. G. Malcolm, 
National President of the AITE at that time, writes: 


A look at the new Industrial Engineering is certainly an exeit 
ing and pertinent subject to explore, for we are in an era when 
technological change seems to be coming at an ever-increasing 
rate All of the factors are causing serious shifts in, or addi 
lions to, the approach required of the Industrial Engineer I 
should like to mention a few factors that are accelerating this 
gravitation roward the ‘new’ industrial engineering 


hirst in the list is automation, under which Mr. Maleolm 
discusses the relative rise in indirect labor and the need 
for new techniques for measurement and control. 

The changes in methods engine@ring are evolu- 
tionary, not revolutionary, in the same way that automa- 
tion represents an evolutionary development in’ techno- 
logical progress. For convenience these changes are classi 
fied as they relate to organization, training, program, and 
techniques 


Organization 


Methods engineering is first affeeted by changes taking 
place in the organization of all plant activities. Here are 


some pertinent comments: 


J. Schumater, Manager, Standards Department, Century Elec 


frie Company: As automation affeets many departments, it must 


hed on a team basis.”’ 
Thomas Ware: “tl am often reminded that future executives 
must be spawned who know how to parlay the values of many 


specialists Today there is necessarily a high degree of special 


ization We need to know how to employ specialists to ad 


vantage; in faet, we have no alternative The Industrial 
Iengineer has his place in this.”’ 


The growing need of specialists in engineering and 
Management is observed. At the same time, they express 
the need for ways and means to coordinate the work of 
many specialists. Probably this is our most serious plant 
organization problem today. There are more staff and serv 
ice departments, more functional groups. Now we are add- 
ing operations research, automation, and other functions. 
We are building more organizational fences, And, as you 
know from experience, methods engineering must get 
through, over, or around these fences in the normal course 
of carrying an improvement project’ through successive 
steps from idea to installation. How is industry attempting 
to solve this problem of efficient communications among 
its specialist functions? 

Note the title of Thomas Ware, previously quoted: 
“Administrative Vice President.” Estaplishment of his 
position represents an approach by coordinating staff 
activities at the highest practical level of management. His 
job is to get done the projects aimed to serve the line, or 
production function 

Another large company established a position of director 
of manufacturing planning, reporting to the manufacturing 
vice president, that embraces methods engineering as well 
as tool engineering, plant engineering, quality control, 
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product engineering, and safety. Again, the purpose is to 
coordinate these specializing functions at a level that 


should simplify and speed communications and cooperation 
among them, 


Another approach to cutting inter-department commu 


nications red tape is that of assigning teams to projects. A 
team consists of responsible representatives of all depart 


ments concerned with the project to be developed by the 


team. This method works well for large projects, such as 


the modernization of methods, layout, and facilities for a 
production department. 

Argus Cameras Division of Sylvania Eleetrie Products 
Corporation used the team idea on modernization of its 
finishing department. The Argus Chief Industrial Mngi 
neer headed the team which included the finishing depart 
ment foreman, a finishing engineer attached to the labora 
tory, the manager of production planning and materials, a 


methods engineer, and the maintenance supervisor, James 
Thompson, the Chief Industrial: Engineer, feels that the 


team method provided real advantages, such as: optimum 


improvement goals, shorter development time, smooth 


installation, complete acceptance, quick attainment of 


expected performance in the modernized department, 


hither of these organization ideas integration of related 


staff departments and project teams can be used in small 


plants as well as large ones. The variables are only 


numbers number of departments and number of people 
But however the methods department fits into the plant 
organization, whatever the scheme of organization, the 
methods engineer's ability to work effectively with people 
with diverse points of view is even more important now 


Within the methods department or group, automation 


raises the question of need for more specialists within 


methods engineering. Should we add men versed in elec 


trical and electronic controls, for example, and other 


engineering areas to our methods groups? A few say yes, 


most say no, others feel it depends on what you have and 


need from a plant-wide viewpoint, 
H. B. Maynard comments: 


The close relationship between Industrial Magineering and tool 


and machine design has long been recognized. Many companies 


have these two functions set up under the same administrative 
head. My thought is that this trend will continue, but T do not 


see any great changes taking place. If more mechanization becomes 


feasible, the size of the tool and machine design groups will be ex 


panded. [do not see Industrial engineers taking over this funetion 
themselves as long as there still is the kind of work to do which 
Industrial Engineers ordinarily handle 


Most agree with this point of view so far as the work of 
methods engineers is concerned, Electrical and other 


engineering specialities concerned with equipment design 


are well established outside the area of Industrial lengi 


neering. It does not seem desirable, or even feasible to 
try to change the traditions that have developed naturally 


However, we have two relatively new specialities which 


appear to be gravitating toward Industrial Mngineering, 
and specifically, into the methods funetion 


statistical 


analysis and data processing. New York University §re- 
cently revised its Industrial Engineering curriculum to 
place more emphasis in these areas. D. G. Malcolm, in the 
article referred to earlier, discusses these activities at 
length as major additions to the content of Industrial 
ingineering practice. At this stage of development particu- 
larly, these two fields are specialties, 

A third possibility for specialization within the methods 
engineering function is materials handling. Many plants 
do have specialists in handling methods, largely for two 
reasons: development of methods and equipment for han 
dling has been moving very fast during the past decade ; 
and two, the opportunities for improvements in material 
handling practices are numerous and very rewarding. 

The automation movement is expanding the practice of 
assigning engineers to specialized work. In discussing the 
relationship of automation with methods engineering we 
logically cannot avoid the question of specialization within 
the methods unit, 

In practice, methods specialties include: manual work 
analysis, or motion study; tool and fixture design; plant 
layout; material handling; data processing; statistical 
analysis; and soon, Also, you can have process specialists, 
such as machine shop analysts and others. 

If the size of your program and organization will permit 
any specialization among your methods engineers, the 
advantages outweigh the disadvantages, You stand to 
gain additional operational savings by concentration of 
knowledge and effort, refinement of analysis and develop- 
ment techniques applicable to the specialty, and possibly 
better engineering performance on individual projects. 
‘The major disadvantages, of course, are: the omission of 
broad training and experience desirable for promotion of 
engineers; and, the establishment of additional communi 
cation and coordination problems. 


‘Training 

Automation adds considerable emphasis for the need to 
maintain a continuing program of training for methods 
engineers. Many years ago we used to think of training 
only in relation to the initial work period — variously from 
the first day to the first month ortwo of a newly employed 
engineer, ‘Today we recognize more generally that training 
is a continuing process throughout the period of employ 
ment, 

The automation movement, too, points up the need to 
train methods engineers along two separate but parallel 


paths. We must provide our engineers with the opportu 


nity to learn the new techniques that are useful in methods 
work, such as linear programming, predetermined time 
standards, and so on, At the same time we should provide 
the opportunity for our methods engineers to keep abreast 
of technological developments related to the business or 
industry in which they are employed 

A methods engineer should be familiar in a general way 
with the newest processing equipment and methods in 
his industry. There have been many cases of the waste of 
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the time of a methods engineer attempting to get a 10% 
saving out of an operation by improving manual motions 
when he could have suggested purchase of a newly mar- 
keted machine that would effect a 50% net saving —if he 
had known about the machine. And he did not need to 
understand fully the design of the machine. 

Professor James Apple states: 


The methods engineer must be more of an engineer and less of 
a technician. This may require that those persons now performing 
methods engineering functions take additional training in engi 
neering, and it certainly will require that future methods engineers 
be well grounded in engineering fundamentals, especially as they 
are related to equipment design, integration, and layout. 


And Thomas Ware visualizes the need for broad training 
when he says: 


The Industrial Engineer must be much more broadly trained 
in his ability to perceive problem situations, and to conceive of 
fresh, tailormade approaches that may be used to solve them, 
drawing broadly from engineering skills, economic skills and 
management skills, 


Program 


Traditionally, we have set up methods improvement 
programs by listing departments, products, or functions 
(inspection, for example) that appeared to need attention, 
and add specific projects on which we intended to work. 
But the aim in general has been to find individual opera- 
tions small pieces of the total production process — to 
improve, and then to develop improvements. 

The automation movement is effecting some change in 
this concept of program. There is today a growing trend 
to broaden each project in the program. The program 
starts in the same manner with a list of departments, 
products, and functions that need attention. But the aim 
is a large-scale modernization of the entity, In other words, 
the tendency is to make a big project of each item in the 
program, Automation of the process is considered. Some 
degree of enlargement of mechanization generally is 
inherent in the final plan. 

‘There are two basic causes behind this broader approach : 
the high rate of technological development; and the neces- 
sity for aggressive battle with rising costs to remain compe- 
titive. 

This broad approach to problem solving has to be ini- 
tiated somewhere. The alternative: A methods engineering 
group can wait for someone else to suggest a broad project, 
and wait for assignment of work to bits and pieces of it. 
Visualizing and defining a broad project and getting 
approval to explore it require big thinking, the capacity 
to shoulder major responsibilities, and leadership. It is 
challenging. But the rewards are commensurate. Many 
Industrial Engineering departments are accepting the 
challenge. 

No good methods program, however, can be limited to 
projects of broad scope. Many of the most troublesome 
plant problems that need the attention of methods engi- 
neering are those of a very limited nature-—one operation 
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that slows a production line, one point of inventory 
build-up, a single paperwork process, and so on. They 
must be included in any plant’s program. Minor improve- 
ments solve problems that are extremely important to 
individual supervisors, and the aggregate net savings can 
be significant if not impressive. A really important aspect 
of programming small projects is to get results get them 
done quickly, efficiently, and satisfactorily. 

As in the case of the big projects, the opportunity to 
automate or mechanize exists in small projects. The addi- 
tion to a machine of automatic feeding and ejection of 
materials, or application of program control to automate a 


machine are commonplace methods improvements today. 


(i00d methods engineers must be aware of the technology 
and alert to the potentials of application—-even though in- 
capable of designing the application. 

Automation is effecting changes in labor mix which 
should be considered when you are projecting a methods 
improvement program. The proportion of indirect and 
maintenance workers, compared with direct labor is, in- 
creasing. There will be a correspondingly growing need 
for methods engineering work in these areas. 

Another opportunity for methods engineering that is 
hecoming more significant is the determination of type and 
location of machine and equipment controls. The problem 
is similar, in some respects, to the familiar one of workplace 
arrangement, and the same principles apply. In addition, 
there is a new area of exploration in relation to the type 
and location of instruments and signals to facilitate view- 
ing and reaction on the part of operators. 

There ar many other types of projects to be considered 
for a methods engineering study. They are not new ideas, 
but changing conditions in industry and new techniques can 
affect their relative importance for any one plant. There 
are make-or-buy studies, storage methods, packaging 
methods, and application of new materials, just to name a 
few. You might argue that material specifications are the 
responsibility of product design. But please consider two 
pertinent facets: first, product materials affect the cost of 
making the product; and the second, integrated engineering 
not only permits, but requires exchanges of suggestions 
among the various engineering and staff functions. 


Techniques 


The methods engineering activity in a plant that is fol- 
lowing the trend toward greater mechanization uses all the 
techniques that are traditional. But a few newer tools 
warrant special consideration in relation to automation. 
The three discussed here provide examples, rather than an 
exclusive list, of the need of methods engineers for a variety 
of tools and techniques to work successfully in an automa- 
tion climate 


Work Sampling 


Work sampling has been explained so thoroughly in other 
articles, and in books, that there is no need here for defini- 
tive discussion, 
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Obviously, an Industrial Engineer can use work sampling 
for many purposes, related to all his functional activities. 
Considering methods engineering only, we find an increas- 
ing use of the technique for two purposes: to spot the needs 
and opportunities to improve methods; and, to obtain in- 
formation needed to aid the solution of a methods problem 
and to justify a change proposal. 

For instance, you can use work sampling to learn the 
utilization of equipment and indirect labor time, the cost of 
materials handling, the effectiveness of maintenance labor, 
and others already familiar to you. 

An automobile manufacturer used work sampling in a 
deliberate attempt to improve the effectiveness, by im- 
proving methods, of a 75-station trim assembly line. It 
took four engineers only four days to make more than 
30,000 observations enough to get a reasonably accurate 
picture of what was going on at every station on the line, 
Methods engineers then went to work more intelligently, 
beginning with operations that needed improvement most, 
and using the work sampling information to guide balane- 
ing of the line as well. The advantage in using work sam 
pling was the saving of time in determining where to 
concentrate methods improvement effort, and in obtaining 
factual data needed to analyze present methods and to 
justify changes. 

Another company used work sampling to find out where 
it could best improve materials handling practices, Its 
plant is a fabricating shop, building a variety of heavy 
equipment. There is a high volume of diverse material 
movement. 

Observers made sampling records over a long period of 
time two or three months to sample a variety of work 
and shop conditions They observed the activity of materi- 
als handling equipment predominantly industrial trucks 
and overhead traveling cranes, in this instance —and 
operation delays along with their causes. In analysis, the 
methods engineers concerned themselves largely with the 
delays related to the handling and movement of materials, 

Cjuided by a large amount of information, the engineers 
were able to recommend changes in equipment assignment 
within a short time after the observation period had ended. 
The recommendations were practical, they were based on 
facts. The resultant changes effected a reduction in job 
cycle time speeded the flow of materials and work through 
the shop. 


Methods Improvement Training 


More and more companies are increasing the number of 
employees contributing to methods improvement by 
training people outside the Industrial Engineering or 
methods department in methods improvement techniques 
Perhaps you're thinking that this is not a methods engi 
neering technique. You're right if you are going to restrict 
your view of the Industrial Engineer's job to the perform 
ance of his personal work in the field of methods, But if 
you'll accept a broader view of his job to develop and 
maintain a program of continuing improvements in meth- 
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ods then probably you will agree that the Industrial 
engineer should consider utilizing this means of enlisting 
others in the effort to obtain methods improvement objec 
tives 

‘The primary objective is to stimulate the volume of 
methods with a corresponding mecrease in 
the magnitude of cost reduction. There is also a by-product 
benefit to methods engineering. It can be freed of small 
unprovement projects to the extent that permits the 
methods engineers to emphasize large-scale, broed im 
provement projects, This is the type of project, discussed 
earlier in this article, that is more and more associated 
with the automation trend 

hor example, the Mueller Brass Company has a work 
sunplificeation activity and distinctly separate methods 
engineering group 

It trains line supervisors and key staff people in work 
simplification techniques, having started several years ago 
with Allan Mogensen training. (By the way, the experi 
ence of this company has been that eighty per cent of 
practical and significant improvement ideas come from 
supervisors, engineers, and key staff employees, so it con 
centrates its work simplification program with them.) 
‘These people then become completely responsible for de 
velopment of an idea right on through installation. Hach 
does himself whatever is required contacts to get advice, 
data, and approvals Gf required); selling the idea; and 
direction of installation, Of course, he gets help from staff 
departments, but it's teehnieal help, not menial services, 
- This company requires each person trained to install 
one improvement project per month. The penalty for 
omission is loss of a portion of his bonus for that month, 
The accounting department provides follow-up audits for 
management control of the program 

In addition, the company has a methods engineering 
group that obtains improvements by deliberate search 
and persistent analysis. It takes the areas where there are 
cost’ problems, surveys them thoroughly, and develops 
recommendations for improvements of methods. 


Methods Analysis Guides 


The common approach to deliberate improvement in 
process methods is to question everything about the proe- 
ess, and let the answers guide improvement, All of you are 
familiar with this techique. The keys to effectiveness of 
this system are: to ask the right questions; and to get 
adequate answers to the questions 

‘Toward this end many general check lists of Questions 
have been developed, and Tan have been published, 
Probably many of you have your own check lists. Many 
companies are using such aids 

One company has gone further in the direction of devel- 
oping check lists and analysis forms than most. [ts methods 
engineers are using many different forms, one for each of 
several categories of operations. But there are cases in which 
an engineer will use two or three of the forms for one opera 
tion if their application will help 
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Some of the forms are familiar tools for methods analy- 
sis. They include: process, or flow chart; act analysis 
(right- and left-hand) chart; a movement, or operation 
analysis form; and a cost comparison (present vs. pro- 
posed ) form. 

In addition, they have some check lists and forms espe- 
cially designed for their processes. These include: assembly ; 
material handling; fabricating; and others. 

This is a significant idea, one that is especially useful in 
the case of highly mechanized processes. And it can be ex- 


panded to provide a set of guides or as many classifications 


of processes as a Company might require. Also, these check 
lists might be maintained currently to include specific 
equipment and method application ideas. Such a system 
could provide in writing a means of making ‘‘crossfertili- 
zation” of ideas more effective. 


Predetermined Time Standards Systems 


Some time ago Factory Management and Maintenance 
made a survey of the experiences of companies using a pre- 
determined time standards system such as MTM, Work 
Factors, BMT, and MTA. 

Seventy-eight per cent of the respondents said they 
utilized their systems for methods improvement. Sixty- 
six per cent said they used their systems to seleet methods 
prior to production. 

As a matter of fact, the systems appear to be more 
widely used for methods engineering than they are for 
standards development. Sixty-six per cent said they used 
PTS for incentive standards, and thirty-five per cent for 
daywork standards. (There is some overlap in these per 
centages because some companies indicated usage for both 
purposes, ) 

How do they use PTS for methods engineering? A case 
i point is that of the Birtman Eleetrie Company, Rock 
Island, Illinois 

This company, a manufacturer of electric irons, vacuum 
cleaners, jacks, and vises, won a contract for an electrical 
firing mechanism for a missile and a set of “how-to-make 
problems.”’ [It consisted of 70 parts, some quite small, and 
required close tolerances. In short, Birtman personnel were 
unfamiliar with some of the assembly requirements. 

The company had to meet a full assembly schedule in 
a short time. Before the deadline it had to: 1. design and 
build the fixtures that would be needed; 2. figure out how 
many fixtures, tools, and operators would be necessary; 3. 
iron out the inevitable bugs in the new assembly process; 
1. plan the layout of work stations according to motion 
economy principles, and make the installations; and 5. 
train the operators. 

Birtman’s methods engineers planned the assembly 
operations in their laboratory, Sub-assemblies were divided 
among several two-man teams. Along with each idea for 
performing an operation each team analyzed motions re- 
quired and calculated time required for the operation from 
their tables of motion time values, 


By this means the engineers were able to select practical 
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and economical methods, and plan the balancing of opera 
tions before any equipment was set up in the shop. The 
solutions of all the problems mentioned earlier were facili- 
tated by having reliable time data during the planning 
stage. 

A mechanized process is more costly todesign and install 
than one that is predominantly manual. The greater invest- 
ment in a mechanized process makes down time more 
costly. Therefore, it is more important to plan carefully 
and accurately the methods of operating the process. PTS 
is a useful technique for preproduction development. of 
the operating methods. 


Hlow many times have we as [ls been asked to explain 
our profession to a layman in answer to the question “just 
What is it you do”? Not an easy question to answer clearly, 
and the trouble is compounded by the fact that there are 
so many of us now that the profession as a whole has found 
it necessary to seek an answer which is brief, concise, 
simple and directional. Is there an answer yet? Is the pro 
fession cohesive enough to permit a single statement of its 
purpose and methods? Or will we have to play “button, 
button’ for a while yet, reaching into many pairs of out 

stretched hands to find the answer by elimination? Cer 
tainly the Long Range Planning Committee’s statement 
of the Industrial engineering field) has shortened the 
process, but a great deal remains to be thought, written 
and spoken before a full understanding of our professional 
purpose will be possible. 


Functions of the Industrial Engineer 


1 would like to suggest that much progress can be made 
toward such an understanding if members of the profession 
will individually challenge their own jobs to see just what 
they are trying to do. Bert H. Norem, writing in the 
September October issue of the Journal of Industrial 


*An entry in the First Annual Professional Paper Contest 
sponsored by Seattle Chapter, American Institute of Industrial 
I-engineers 
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Summary 


When automation begins to spread within a plant it 
creates new demands upon operating functions and con 
trols. Methods engineering, too, is affected, It becomes 
even more indispensable because methods design is re 
quired to guarantee optimum results. But the methods 
engineering problems and projects are broader and deeper. 
They require change and adjustment to meet the chal 
lenge of automation to methods engineering. It was the 
purpose of this article to examine and discuss these 
changes. 


Engineering, makes the point that the engineer should aim 
for excellence in the particular work he is doing, not try 
to claim competence in all and sundry phases of the field 
The engineer shall be known by his actual accomplish 
ments, not by what the profession’s definition says he 
should be able to do, according to Mr. Norem. 

This is a very sound point of view, which can be carried 
even further, For instance, we should explore this thought 
in more detail as it relates to the condition of Th accom 
plishment in the small business firm. Perhaps by so doing 
we can learn more about how to carry out our professional 
purpose ina particular field. Now, the typical small busi 
ness employs fifty to two hundred fifty employees, and is 
run by five or six key executives, who are headed actively 
by a president. It operates under a rather loose organi 
zational plan and has a rate of growth which will not soon 
change these conditions. This is the kind of business which 
usually employs one or less [os, and represents a fine po 
tential for the right kind of professional assistance 

It may be well to define the nature of this assistance. 
What kind of results are we after, and what accomplish- 
ments will warrant recognition as a true professional 
assistant and provide a service to the employer which is not 
otherwise obtainable? This is the true test of a protes 
sional’s worth to render a service which increases the 
effectiveness of his employer and which cannot be obtained 
in equal quality from any other source. For instance, the 
controller provides a specialized knowledge of financial 
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management and budget formulation to control use of 
the company’s funds. The sales manager offers a particu- 
lar combination of leadership and market sense, which is 
necessary to the life of the business; and the personnel 
manager performs a truly specialized job in assuring a 
stable, competent work force, 

The Industrial Engineer’s service must be as distinctive 
and indispensable as each of these if he is to be recognized 
as a true professional aide to his company. He must be 
able to bring about smoother operation of all these other 
functions over the long pull, provide a continually more 
accurate sense of direction to the whole concern, and lead 
everyone in the group in effeeting sound economies. Knowl- 
edge of the usual tools of the trade statistics, time and 
motion study, incentives, flow charts, ete.-is essential 
of course, but concentration on these techniques is often 
incidental and certainly should not be the IE’s principal 
function in the small concern. Wis work needs to be more 
like a piece of “enabling legislation’ which opens the way 
by showing methods which the local departmental govern 
ments can use to run their affairs more effectively. 

lor example, a paper processing plant’s [., when asked 
to evaluate the work of the plate-making shop, discovered 
a familiar situation. A series of technical changes over the 
years had gradually eliminated much of the work formerly 
done, but the crew had not been reduced in proportion. A 
simple chart illustrating the situation enabled the superin 
tendent to size up the correction required and make the 
necessary changes effectively. In another case the same 
engineer worked with the production scheduler to help him 
gather and present information to the general manager, 
Which led to an immediate program of press capacity 
addition. A simple machine load analysis method, which 
the scheduler controls, was developed at the same time to 
show the direction of future equipment purchases. 

‘To determine how the Io ean be sure of rendering his 
particular service effectively in the small company re- 
quires a further study of some of the special conditions 
found in this kind of organization. 


Decision Making 


The first of these conditions, under which the engineer 
must learn to work effectively, is that decision-making 
authority is usually held very closely at the top level. 
Nearly every small business is heavily influenced by one 
man because it is “his business” and he makes the guiding 
decisions. After all, wouldn’t your own business be the 
same way? The “boss” has his own formula for success, 
usually based on past results, which has worked for him 
and which he is not likely to change quickly. Anyone 
wishing to affect the direction of the business or its policies 
must understand this formula. To be effective the Ik 
must constantly consider and appreciate its importance, 
for much of his work is concerned with adapting it to new 
thoughts and conditions. Many otherwise capable engi- 
neers are thwarted because they fail to realize the im- 
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portance of this pattern to the chief executive's conduct of 
the business. 

For instance, a young engineer working for a medium- 
sized household furnishings plant, owned by a veteran 
merchandiser, attempted to carry out a series of time 
studies in the plant without a full understanding of the 
owner’s purpose. He failed miserably, not because the 
time studies were bad, but because the owner had built 
a successful business on a flexible sales and style policy, 
and instinctively resisted a premature attempt to stand- 
ardize his operations which were contrary to his success 
formula. 


Economic and Mental Barriers 


Another feature of the smaller-sized firm, which the IF 
must consider in his work, is the existence of economic and 
mental barriers to many of the Industrial Engineering 
tools, both old and new. Money is a problem in varying 
degree to any size concern, but in the smaller businesses 
the allocation of working capital is of prime importance. 
To select two simple examples: a delay or wrong move in 
providing plant facilities can lose enough sales volume to 
make the difference between profit and loss; or inability 
to finance inventory at the proper time can cause either 
costly shutdowns or loss of business. Because of these 
limitations, working capital is in constant demand for the 
necessities, Which to most small company managements 
are the “sure things’ 


with a predictable payoff period 
plant, equipment and inventories. It is thus easy to see 
why these managements have a sizeable mental barrier 
to spending anything for the advanced management 
techniques of the IE. Even though most capable executives 
agree that logical engineering analysis and detailed opera 
tion study can minimize business risk and improve applica- 
tion of working capital, they may still be reluctant to 
take funds away from daily operation of the business in 
order to pay for them. In other words, “‘seat of the pants”’ 
management methods are often dictated by financial 
considerations, and can be changed only as rapidly as 
more modern management methods prove their ability 
to earn more money than they cost. 


The Flexible Organization 


A third important consideration in relating IE to the 
small business unit is the lack of clear definitions for 
functions or departments within the organization. Duties 
often overlap, department heads usually work closely 
together on a personal basis, and systems are adjusted 
informally to suit needs as they arise. Sales problems are 
promptly converted to factory action; and financial crises 
reflect immediately in purchasing policy because of this 
adaptability. Fast footwork is the small firm’s only real 
weapon against the crushing weight of large competitors. 
The small organization survives and grows because it is a 
single flexible unit with the ability to direct all its talents 
quickly in any direction. If a product needs to be rede- 
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signed, the four or six key people can usually work it out 
on the spot, or if a sudden large order develops, a few 
minutes’ get-together works out the production schedule 
changes required. Because everyone is thus “in harness” 
and directly involved in the daily responsibility of keeping 
the business going, there is very apt to be spoken or im- 
plied criticism of the presence of staff personnel. IE under 
these conditions becomes a process of educating and in- 
fluencing an organization on the run, without retarding its 
rate of motion or restricting its freedom of action. 


Conclusion 


There are three primary distinguishing features of the 
small business organization—the boss’s success formula; 
the financial and mental barriers to introduction of ad- 
vanced LE techniques; and the amorphous, flexible organ- 
ization. These now form a background for some con- 
clusions about the place of the IE. Realizing these 
conditions, what can the Industrial Engineer do to increase 
managerial effectiveness and provide a more sure sense of 
direction for the enterprise? There is certainly one thing 
he should not do. He should not become a “methods man”’ 
or “cost reduction engineer”, jumping from pillar to post 
on call from foreman or superintendents. In the first place, 
such spot assignments have a baffling way of shifting 
location rapidly; and in the second place they are usually 
only a surface indication of deeper and more important 
defects. Here is an actual example from a recent ex- 
perience: ina glassware plant, valuable warehouse capacity 
was being wasted by inaccurate placement of palletized 
loads of finished product. When a correction was at- 
tempted, lift truck drivers immediately pointed out that 
their trucks were in very poor condition and could not 
efficiently work in such close conditions -an assertion 
which was amply justified by the facts. Therefore, the 
maintenance department was instructed to overhaul the 
equipment. However, it soon developed that such a 
project would require months to complete because the 
repair crew had been reduced some time earlier to save 
cost during one of the recurring periods of low. sales 
volume. The plant engineer was reluctant to hire more 
mechanics, only to lay them off again undef pressure of the 
next economy drive. A study of this situation finally 
revealed this company’s major weak spot. Production 
volume could not be stabilized because there were no in- 
telligent sales forecasts, nor could there be a reasonable 
labor cost budget to guide department heads, such as the 
plant engineer, in maintaining an efficient crew. So 
finally the important problem was found problem 
which had not had the objective attention of management 


because its importance to the operation was not realized. 


The real trouble was one of focusing management atten- 
tion, not of methods or operation improvement in the shop. 
As such, it had to be handled at the management level by 
a gradual increase in understanding of the true difficulty 
and a shift of policy to meet it. This was eventually ac- 
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complished by the IE, over a period of about a year and a 
half, and the company is now well on its way to accurate 
production forecasting and realistic manufacturing cost 
budgets. 

In this story is the clue to the Lho’s importance in the 
small business world. Owners and managers of these 
businesses need, and usually very much want, someone in 
the organization with ability and training to direct their 
objective attention to unrealized weaknesses, but such 
help must be a part of the management itself, In no other 
way can it work with the special success formula, or with 
the flexible, shifting organization pattern so often found in 
this kind of business. Take another look at the official Il 
definition. It speaks of ‘integrated systems of men, materials 
and equipment” and how to “design, specify, predict and 
evaluate the results to be obtained from such systems.” 
As Mr. Norem states, “this is a very broad statement. of 
the work of the IE.” It is also a good statement of what 
management of a small enterprise must do regularly, 
Evaluation, design and installation of changes is the 
essence of management in the small, mobile organization, 
but it is traditionally accomplished by a small group from 

” 


“close in” with little or no help from outsiders. 


Engineer in Management 

What is needed in these firms is an engineer in manage 
ment to take the lead in more logical analysis of the basic 
problems which hamper daily operation, by directing, o1 
coaching, or pointing, the efforts of the other organization 
members to solve them. To do this he must often take 
over line administrative duties in order to get close to the 
operation, and to demonstrate the soundness of his 
methods. This engineer for management moulds hinmsell 
into company plans and policies in such a way that steady 
progress is made without disturbance while he shows 
others in management how to apply new methods to solve 
their problems. He becomes a part of the company in 
order to practise his profession effectively. In the small 
company the professional [lo must learn to apply his 
science in day-to-day terms from within, His service is no 
less important than that supplied by the practitioners of 
the many new and advanced analytical techniques for 
large applications, for he must not only understand his 
tools but be able to make them work single-handed. This 
requires good judgment and willingness to assume full 
responsibility for results, 

Application of the [Fo definition to actual practice in the 
world of small business certainly does not change the 
definition in any significant way. It has not been the 
purpose of this discussion to change the definition. Rather, 
I have tried to describe a particular field of application in 
the hope of improving general understanding of the Ilo’s 
professional purpose. If others will do likewise, we will 
soon have a body of thought sufficient to clear up the 
confusion with which we are now beset. 
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The purpose of the Symposium was to bring together 
men from all over the country who were working in the 
general field of simulation as applied to business and 
military systems. The growing interest and experience in 
the use of simulation techniques had suggested that a 
meeting of practitioners, wherein problems, experiences 
and results might be discussed then summarized and 
published, would be of real value to the practitioners and 
oservice to management, the management sciences and 
engineering. My task is to pass on to you some of the 
highlights of the meeting which oecupied the time of some 
20 men for a day and a halt 

In a very real sense, the Symposium represented a 
pioneering effort bringing together people from many 
fields, societies and organizations to discuss their work in 
this relatively new area. It also represents the first’ tine 
that a meeting of this type has been jointly sponsored by 
the American Institute of Industrial Ingineers, the 
Operations Research Society of America, and The In 
itute of Management Sciences, The actual Symposium 
was under the direction of a Steering Committee, with 
Dr. ‘Tom Caywood representing ORSA, Dr. D. B. Hertz 
representing “TIMS, Don Maleolm representing 
John Arwood acting as the Host for the ALLE Chapter, 
and your speaker as Chairman 

The Symposium was limited to 20 and was by invitation 
only. Invitations were issued on the basis of the individual’s 
work in the field, and his ability to contribute to the Sym- 
posium. Due to the extreme newness and potential of this 
field, the Committee is sure that many individuals who 
could have made significant contributions were not in 
cluded, However, there was no way to determine in ad 
vance the extent of their work, and we had set a limit of 20 
to facilitate discussion, As it was, we were extremely 
pressed for time 

Following are the participants who, in addition to the 
Steering Committee, took part in the Symposium: 


Mr. Ro. G. Brown, Arthur DD 


Little Control Simulation 


A General Purpose Inventors 


Dr ROL. Chapman, Rand Corp Simulation for the Training of 
Air Foree Personnel 


Mr. Riehard W. Conway, Cor evaluation of Alternatives on 


nell Univ Profits 

Mr. W)C. Dalleek, United Air Operational Model of a Wait 
Lines ing Line Problem 

Mr. G. J. Fenney, Stanford Re Selection Among Alternative 
search [Institute Models 
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Director of Industrial Engineering, United Air Lines, Chicago 


Report to the Kighth AITE National Confer- 
ence on the System Simulation Symposium 


By Warren E. Alberts 


Dr. H. Galliher, Massachu 
setts Institute of Technology 

Dr. W. W. Haythorn, Rand 
Corp 

Mr. L. Howard, Cali 
fornia Texas Oil Company 

Mr. N. H. Jennings, Port of 
New York Authority 

Dr. Jack Moshman, Couneil for 
Keonomic & Industry Re 
search Ine 

Dr. Reszucka, IBM Corpora 
tion 

Mr. Frane Ricciardi, American 
Management Association 

Mr. Patrick J. Robinson, Im 
perial Oil Company, Ltd 

Dr Rowen, Rand Corp 


Mr. A. J. Rowe, General Klee 
trie Co 


Mr. Harry Rubin, Air Materiel 
Command 

Mr. Emil Sehell, Remington 
Rand Corp 

Dr. Frederick Po Thompson 
General Mleetrie Company 

Mr. Strother H. Walker, Johns 
Hopkins University 

Mr. Jack Weinstock, Ramo 


Monte Carlo Methods 


Simulation of the Air Force 
Logistics System 

Model of the Entire Enter 
prise 

Computer Simulation of a Bus 
Terminal Operation 

establishing Deviation Limits 


for a Complex System 


Simulating the Shop Schedul 
ing Process 

Top Management Decision 
Game 

A Distribution Network 


Simulation of the Air Defense 
System 

Machine Shop Seheduling Prob 
lem, in conjunction with Dr 
fesuki 

USAF Aireraft) Engine Man 
agement Model 

A Review of Karly Simulation 

Simulation of the Strategic 
Air Wart 

Simulation of the Quarter 
master Supply Problem 


Inventory Control Solution by 


Wooldridge Corporation Simulation 


Since time began, man has made models, facsimiles or 
representations of reality, the purpose being to learn 
from them, test ideas, and predict what the effect might 
be if he acts in a certain way; in other words, man’s efforts 
to comprehend his environment. Webster says that sim 
ulation is to attain the essence of (not necessarily the 
appearance of) without the reality. When we talk about 
system simulation, we are talking about duplicating the 
essence of either a business, military or other type system 
in a way that we can work with it. It may help to briefly 
cite some of the practical examples and applications on 
which the participants of the Symposium reported, 
Remember, these are highlights. 

In the military area, we heard a report on the simulation 
of the entire air defense system. Basically used for training, 
this simulator, employing over 200 people, is being used 
for over 2,000,000 training hours annually. The criteria 
has not been realism in the simulation, but to try and 
elicit the same response as the real situation. In this way 
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it can be determined what men learn, why they learned it, 
and what their expected performance will be in actual 
operation of the system. The report on the simulation of 
the Air Force Logistics System, a model which will deal 
with over 1,000,000 items and controlled on an exception 


basis, is in an advanced stage of development. Here the 
model is being set up to compress real time and deal with 
complex logistic problems spanning years in a matter of 
days. Another report was on the simulation of the entire 
Strategic Air War where 4,000 aircraft are operated in 
real situations on either side and 72 hours of warfare can 
be compressed into 8 hours of computer time. 

In the queueing, or waiting line, problem area a very 
interesting report was made on the study of a bus terminal 
operation during a peak hour. Imagine the problem of 
fitting 17,000 people into 320 busses in one hour. In this 
case the model is being used to balance the service aspects 
with economics in order to give the best possible service 
to the traveling public. 

Another paper was on a simulation of the different types 
of customer services rendered at a busy airline ticket 
counter. Discussed were the costing of the different levels 
of service and comparisons of universal versus specialized 
counter types. Almost every industry has this type of 
waiting line problem where there is no real solution but 
the objective is to find a balance between the length of 
wait and the costs involved. 

There were quite a few reports made on problems in the 
inventory area. In one case, a firm is devising a general 
program to handle a certain class of inventory problems 
for all types of industry. Another report was on work 
going ahead for the Army Ordnance System where the 
problem is one of handling and controlling 400,000 items 
in 7 supply depots. The distribution problem of a manu- 
facturing company handling some 10,0000 items was 
discussed, along with the distribution of an oil company 
whose network covered some 1800 field plants. The model 
developed for the Quartermaster Corps, which ean simu 
late 100) calendar quarters in 30 seconds for different 
categories of goods, was discussed. In the aireraft engine 
management field a model is being developed to include 
all the variables in the distribution, maintenance and 
supply of military aireraft’ engines in the continental 
United States. 

Now, Jumping to an entirely different type of model, a 
presentation was made of a top management game which 
simulates for top executives the decisions involved in 
competing with other firms on a game basis. This has been 
reported in several magazines and the newspapers recently. 
The value is not so much in training executives to make 
decisions as it is to broaden their viewpoints and make 
them aware of the inter-relationship of the information 
that they deal with and the need for better information 
on Which to base their decisions and planning. 

One of the ideas being explored is the development of a 
model which will simulate the entire workings of a corpo- 
rate enterprise including developmental, production, 
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distribution afd sales networks all over the world. The 
plan would be to work towards the integration of a com- 
pany’s data processing and communication system with a 
model which can be used not only to record what's going 
on and the trends involved, but also at any given time 
represent the essence of how the organization actually 
works, which means it can be used to forecast and test 
ideas for the future. In this way management has, for the 
first time, a corporate laboratory where at any one time 
they can be fairly sure that they have a model of the 
enterprise which is being continually refined not only by 
the instructions that they pass out, but also the results 
as they are fed back in. This will not be an easy task and 
will take many years to achieve; in fact, it will have to 
be done on a building block process, However, it is im 
portant to recognize the importance of this type of ob 
jective in the future design of over-all management 
systems. 

One of the toughest problems in the management field 
is that of production scheduling, and there have been 
many attempts to apply techniques which will improve 
performance in this area. One of the models reported 
dealt with the scheduling of a machine shop. The objective 
is to minifnize the problems of lateness, inventory costs, 
and idle time. The model deals with some 63 groups of 
machines and labor pools with various skills. It truly 
simulates the operational essence of a machine shop. 
However, it does not give magic answers, only the results 
assuming different work, inputs and changes in the basic 
parameters. 

Now, to take this system simulation and model business 
out of the mysterious realm in which you may be viewing 
it, | would like to show you a symbolic pieture of a model 
which we started working on in 1954. It, in no way, Is 
repreventative of all types of models and it does not give 
one right answer. Its job, in this case, is to simulate the 
actual operation of the entire maintenance situation at 
one of United Air Lines’ major stations. In the case of this 
particular model, we tried to simulate the operation in 
an analytical or mathematical fashion, However, we found 
that we could not do it at the present state of the art so 
we elected to use a computer and introduce the variables 
from real life by what is known as the Monte Carlo method 
All of the important variables were measured including 
their probability of oecurrence, As you can see, we Use a 
large computer to do the actual simulation, and on one 
hand we have introduced the data which we have col 
lected over a 4 months’ period from the field, and then on 
the other side we give the machine a logical set of in 
structions which enables it to reproduce the essence of 
life and call upon the data as it is needed, Then as input 
into the model, we can see that we can introduce or change 
the number of men on each shift, the facilities required, 
the schedule pattern, and our maintenance philosophy 
As output, we get reports such as one would actually get 
in actual operation. However, in some cases, we get in 
formation we couldn't actually obtain such as the number 
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of men idle by 15 minute periods. In this model we are 
simulating 100 days of operation in a little less than 12 
minutes, It is important to remember that these models 
make no decisions; they are only a tool for management 
but their potential is dramatically apparent 

This is a brief review of the highlights of the Symposium 
as far as the reports went and an example of one of the 
models about which we talked. To cover the discussion 
period we will pursue basic questions; the type that you 
wel would ask if we were completely unfamiliar with the 
subject 

First of all, let’s ask the question, since we're talking 
about system simulation, This is a 
definition we decided not to spend too much time on, As 


“What is a system?’ 


you can probably guess, a system is anything you want it 
to be. It is identified by the boundaries you or your associ- 
ates draw. An Industrial Engineer or business man may 
think of a system as the use of men, machines and ma 
terials to achieve a given objective. The objective in 
some cases is to produce distribute goods and = the 
system can encompass the whole company or any part 
of the process. ‘True systems are not restricted by organi 
zation charts or departmental lines 

Now, we've talked about models; “What is a system 
model?” Well, here again, it is not so important to deseribe 
the model itself as to define what it is. There was general 
concurrence in the definition that a system model is a 
symbolic representation of a system which has, for a given 
purpose, the desired characteristics of reality. With this 
in mind we can now proceed to a definition of system 
simulation, which is simply the use of a system model to 
reproduce the essence of actual system operations. 

Our next question might well be, “What kinds of models 
are there?” Without drawing too fine a line or getting in 
too deep, it looks like there are three, First, the physical 
or visual model which looks like what it represents and 
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is exemplified by a map, a proto-type of a new aircraft, 
or the layout of your new plant. The second type of 
model can be called an operational or analog description 
of the operation. Here may be used a straight-forward, 
logical step-by-step sequencing of operations as they 
exist in real life. An example of this type of model is the 
waiting line model or the aircraft station model which we 
just covered. The third type of model is called an analytical 
model, and its interactions can be stated in mathematical 
form. Actually, all workers in the model field seek to ex- 
press a system in an analytical form. However, in real 
life there are often so many variables and probabilities 
to be handled that the means to handle this in an analytical 
form, plus having it understood by the people who are 
going to have to work with it, has not been developed. 

It is important to remember that as in real life the 
physical and operational models do not produce any one 
right answer, but either give you as output operational 
data or the means to make comparisons between alterna- 
tives. The analytical model, on the other hand, if appli- 
cable can be used to arrive at an optimum answer for 
certain conditions. We have talked about the Monte 
Carlo method; maybe we ought to offer a definition. It is a 
computational method or technique of introducing data 
of a random or probabilistic nature into a model. Its 
purpose is to reproduce data in the same manner as would 
occur in a real life situation. 

Now, we may well ask the crucial question. “Why 
should business men, management scientists, or anyone 
as far us that is concerned, be interested in simulating a 
system?’’ Well, there are some pretty important reasons, 
and they are as follows: 


1. For purpose of experimentation or evaluation; in other words, 
to try and predict the consequences of changes in policy, 
conditions, methods, ete., without having to spend the 

money or taking the risk to actually make the change in real 

life 

To learn more about the system in order to redesign or refine it 

The very complexity of most of our business and industrial 

systems makes necessary a means to provide understanding 

of both the system as a whole and of its parts 

To familiarize personnel with a system or a situation, which 

may not exist as yet in real life 

To verify or demonstrate a new idea, a new system or approach; 

in other words, quantify the risks and benefits, and demon 


strate the chances of success 


Now, let’s take a look a little deeper behind this ques- 
tion, “Why stmulate?”, What are some of the specific 
advantages which are not so apparent when one tries to 
generalize. Well, first of all, simulating a system enables 
one to compress or expand real time. In other words, a 
business man can simulate a year of his operation in a, 
matter of minutes or he can slow down the process so that 
he can, like a slow motion film, analyze just what is 
going on his problem areas. We are trying to alert 
the manager to the fact that here, for the first time, he 
is going to have a laboratory which enables him to ana- 
lyze his business and look at it either in slow motion 
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or in high speed. The second advantage is a tremendous 
one, because it’s at the heart of the business man’s need 
to plan and forecast. He can, with system simulation, 
look before he leaps and test his ideas and changes in 
advance. The results of a year’s operation under dif- 
ferent assumptions can be his in a matter of hours. Tied 
in with this is the fact that in many cases it is impossible, 
impractical or uneconomical to try many management 
ideas today because of the disruption or cost involved in 
changing a going operation, 

Now, speaking to the Industrial Engineers, you gentle- 
men have set forth your goal of becoming the system 
designers of the future. If so, you must help devise methods 
of testing those designs someplace else than on the pro- 
duction floor. The trial and error method of testing system 
changes, in most cases, is too costly or impractical. The 
complexity of the scheduling process alone in most in- 
dustries today demands the development of a means to 
simulate the over-all operation. So to you this field of 
system simulation may well represent your laboratory 
for developing and testing management and industrial 
systems. 

We who have participated in this Symposium have 
shared some real experiences, and we are enthusiastic 
about the future of this field. However, no one is more 
aware than we are of the many problems that lie ahead. 
System simulation is no cure all, neither does it give any 


Inagic answers; it is a tool, a management tool, and like 


all tools, what it produces depends on the user. Also, let 
me assure those who may feel the water is too deep that 
the concept is far more important than any of the tech- 
niques involved. The field requires imagination and a 
down-to-earth grasp of how business and systems operate 
as a whole. 

It is the consensus of the participants that we should 
follow this Symposium with others dealing with certain 
major projects in the field and talking more about the 
methodology and the principles which can then be passed 
on to other people entering it. There are many areas 
requiring research and several efforts which require sup- 
port and recognition, This we will try to do. Also, we feel 
there is a need for the practitioners in this field to com- 
municate more in management’s language. After all, 
they’re the customer. 

I would like to express our appreciation, and those of 
the Symposium participants, to the Kighth Annual Con- 
ference of the AILE for so graciously hosting this Sym- 
posium and especially to John Arwood for his skillful 
handling of all the arrangements. Thanks, too, from the 
Steering Committee, to each of the participants who so 
freely gave of their time and knowledge. 

This ends my brief report to you. A research report on 
the Symposium will be available at the end of the year. 
Copies may be obtained at $1.75 each, from AITE Head- 
quarters, 145 N. High St., Columbus, Ohio, or from the 
other sponsoring organizations. 


BARNES’ New 4th Edition 
MOTION AND TIME STUDY 


By Raven M. Barnes, Professor of Engineering and Production 

Management, University of California, Los Angeles 
This sound, authoritative work offers a clear presentation 
of principles, augmented by practical illustrations, Cases, 
ch problems drawn from the author's vast industrial ex- 
perience. The new edition offers you features such as these: 


tronic data processing equipment This 1s the only 
book in the field to treat the automatic recording of 
the performance of machines and process equipment. 
It includes illustrations of the equipment, and de- 


scribes their proper use for time study work 
The latest theory and practice drawn from ob- 


servation of the country’s most progressive industrial 
practice in this field. Periodic surveys (the latest com- 
pleted in 1957) were the source of many tumely case 
examples. Over 100 companies have supplied informa- 
tion about their programs and methods 


All known systems of motion data are outlined 
in tabular form, giving dates of first use of cach sys 
tem; who developed the system, how the data were 
obtained, and references to the most complete descrip 
tion of the system. In addition, four systems are 
described in detail, with tables of complete data 


Complete coverage of work sampling Includes 
the results of the recently completed UCLA research 
on work sampling for measuring work —the very best 
methods, in concise form, together with compliment 
ing charts and tables. 


New material on developments in the industrial 
use of pulse rate as an index of physical activity, up 
to-date statistical procedures in time study, auditing 
of methods, time standards, and wage incentive plans 


New illustrations both halftones and line cuts 
to help you save time and motion. 


Approx. 670 pages 


Important background information on elec- 


Ready in January $9.25 
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The Role of the Industrial kingineer in 
Systems Design and Improvement 


—— By Arthur D. Even 


Pilot Projet Officer and Ordnance Consultant, Integrated Engineering Data Processing System, 


Ordnance Tank 


In adopting the current definition of Industrial lengi- 
neering, this Society has officially recognized the important 
role of the Industrial Mngineer in the field of systems design 
and improvement. This discussion is concerned with that 
portion of systems technology covering engineering records 
and data processing. Fortunately for the Industrial Engi- 
neer, this field is almost untouched, Most engineering 
operations no matter how large are still using the engi 
neering drawings and records familiar to our forefathers 
Hlowever, today there are a few teams in Industry and 
Government who are developing the necessary technology 
for the improved data processing systems of tomorrow, 

War and waste have long been associated with each 
other, and itis true that the engineering operations of the 
Military 


Changes in volume than are most commercial organizations. 


establishment are exposed to more drastic 


In the case of manual systems, these variations in volume 
are expensive and somewhat wasteful, Battling backlogs 
of work with large numbers of inexperienced personnel 
and long hours of overtime are inevitably followed by 
losses of highly experienced and valuable personnel during 
the staff reductions of peacetime. And during “cold war’ 
periods, people can be either overworked or underworked 
as programs change. To remedy this condition, the top 
tnanagement of Tank-Automotive Ordnance initiated, in 
1054, a long range modernization program with a view 
toward building a system sufficiently flexible to cope with 
extreme Variations in volume while operating at all times 
with a small, efficient staff a real Industrial Engineering 
challenge. The first year and a half were spent in a thorough 
analysis of the manual system, a review of the work that 
others had done, a detailed study of the actual needs of 
various organizational elements and the manner in which 
these requirements could be best satisfied, the documenta 
tion in book form of the analyses and studies, discussion 
with various equipment suppliers, and finally the prepara 
tion and submittal of the necessary justification for a new 
system to higher authority. This proposed system was 
approved and established as an Ordnance Corps Pilot 
Projeet in order to concentrate the effort in developing 
and testing a system which could be used by the entire 
Corps. This has become a four phase program, as indicated 
in Figure 1, involving hundreds of engineering personnel, 
working with millions of records and decentralized around 
the globe 
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Automotive Command, U.S. Army 


Phase I 


Phase I primarily consists of the use of punched cards, 
punched paper tape, and microfilm in such a manner as to 
eliminate the manual processing and handling of certain 
records and documents, and to provide for the more eco- 
nomical printing, storage, and transmission of copies of 
drawings and supporting documentation. An important 
element is the Drawing Reeord Card, shown in Figure 2, 
Which replaces three documents of the old system —an an 
tiquated type of book record, a full size print of the drawing 
and a microfilm having four times the area of the new. In 
addition, the film in this card can be enlarged using high 
speed processes, or used to make film copies at rates up 
ward of 1500 per hour. The punched card feature allows 
for the mechanical searching and filing of the card to 
satisfy demands for prints and for replacing out-of-date 
revisions. Possible savings, in terms of reduced materials 
handling costs and transportation, are also enormous. In 
dicative of the Industrial Engineering nature of the sys 
tems design, is the division of the active Drawing Record 
Card file into two sequences high usage for mechanical 
handling and normal usage for manual handling. In this 
manner the amount of equipment and the overall process 
ing times are reduced to a practical minimum. Also, a two- 
deck operation permits batch type processing in the one 
deck and random access in the other, thus reducing the 
unit cost of the longer lead time items while still giving 
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rapid service to those who must have drawing data on 
short notice. 

Phase I also includes the typing of the engineering parts 
list on an electric typewriter which is capable of simulta- 
neously typing, reading punched paper program tape, and 
generating this type of tape. The unchanged portion of 
the list can be retyped from the program tape automati- 
cally at 110 words per minute. The typed lists are filmed 
and placed in ecards, as are the drawings. The punched 
paper tape, received as a by-product of the typing, is used 
for two other purposes. First, it is exploded in a tape-to- 
ecard punch to get the Usage Location Index, a basic 
engineering record which indicates inp which assemblies 
the various parts are used. And second, this card is then 
reproduced into the Exploded Deck Follower Card (same 
data but a different format) as a tool for determining 
assembly component drawing requirements and for pro- 
ducing cards for system output. 


Phase Il 


Phase IT joins two major efforts. The first consists of 
providing the standardization engineers with microfilm 
copies of drawings mounted in punched cards and properly 
coded to aid in reducing drawing search time. The second 
contemplates an improvement in the present manually- 
posted part number interchangeability file. Here again, 
it is deseribed to reduce search time and also to speed 
printing out of data, 


Phase Hl 


This phase is a little more diffieult to explain as it will 
involve a more comprehensive mechanized liaison between 
the central engineering data repository and the 
contractor engineering 


various 
facilities. It is intended, during 
this phase, to continue efforts to standardize record- 
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keeping and data processing documents and to improve 
data transmission generally. This will undoubtedly inelude 
closed-circuit’ television, high-speed) printing equipment, 
transceivers, and any other such equipment which ean 
be economically used to improve service within the engi 
neering orbit. 


Phase IV 


This portion of the program is concerned primarily with 
the rapid handling of those engineering records containing 
multiple variables. In this category are the part, model, 
drawing, and engineering order number relationships which 
are so Important for engineering control and for contractual 
purposes. Because of the nature and volume of the data, 
a straight punched card system has been determined to be 
impractical, At the present time, it appears that random 
access, electronic equipment will eventually be adopted 
in this area. Another possible improvement being observed 
with a great deal of interest involves that extremely 
interesting combination on a single film of the image and 
a means of electronic sorting of films at extremely high 
speeds 


Present Phase 


Now that the entire seope of the program has been 
mentioned, it might be well to take a closer look at the 
present portion of the program —Phase I. In order to 
quickly achieve the anticipated drastic reductions in proc 
essing time, personnel, operational costs, and space at the 
central repository and to improve the drawing quality, 
records, and general data transmission, it is necessary 
that existing manual records be converted as rapidly a 
possible. And, it is recognized that only through filming the 
original drawing -in liew of copies -can the best film be 
secured, existing drawing quality measured, and action 
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taken to provide the necessary drawing rehabilitation, In 
order to film the maximum number of original drawings, 
microfilming is being decentralized to twelve stations, 
each of these capable of filming at least one thousand 
drawings per day. All exposed film is forwarded daily to 
a single processing station and returned immediately to the 
central repository for preparation of the aperture cards 
and for mounting of the film therein. 


Programming Input 


Here, as in other manufacturing operations, the manner 
and order in which work is to be done is of interest to the 
Industrial Mngineer, because the mechanical-electronic 
system requires that much care be devoted to establishing 
work flow on a formal, documented routine basis to assure 
the maximum utilization of equipment and the higher 
priced personnel. In this system, there are two kinds of 
input engineering parts lists and drawings. Figure 4 
illustrates the engineering parts list input processing flow, 
beginning with the actual typing of the list and ending 
with the filing and distribution of the finished cards. 
Drawing data input is almost identical to the routine 
covered by the lower portion of this chart beginning with 
the filming of the hard copy of the engineering parts list. 


Programming Output 


Although this project is still basically in the input stage 
of Phase 1, the routines for output have been worked out. 
This has been necessary in order to assure that the re- 
quired input information is placed in the system in a form 
usable for output. Figure 4 illustrates the flow of the 


drawing output routine. Again this is even more interesting 
to the Industrial Engineer, because at this point the 
comparison between manufacturing in the factory and 
production in the office becomes more noticeable. Output 
is much more complicated than input, because a whole 
complex of variables is encountered. For example, if a 
customer requisitions a drawing by part number, this 
number must be converted to a number which is meaning- 
ful to the system—the drawing number -as quickly as 
possible. If the demand requires component or reference 
prints, in addition to the print of the item itself, means 
must be available for rapidly determining which of these 
additional prints of drawings must be supplied. In other 
words, the assembly must be exploded into components 
just as is required for the physical manufacture of the 
assembly. 

Film legibility will often determine the method of 
handling the demand. In some instances the drawing will be 
on record but will not have an adequate microfilm, or the 
drawing may not be available in any form. In these cases, 
it is necessary to route the demand through the exception 
process (old manual system) in order to secure the drawing 
and to provide the best print possible. Then also, the 
customer’s choice of reproduction type must be considered. 
In some cases the requisitioning activity will be geared to 
the handling of film and will prefer this medium. In other 
cases, enlargements will be desired. Each type of reproduc- 
tion takes a different series of processes. In addition, the 
former requires the preparation of a punched card prior to 
reproduction. In each case the actual master film card will 
be used to service the demand. 
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Getting back to the exception process, this system will 
operate only upon transfer of the demand from the stand- 
Action will be initiated by the receipt of a 
Additionally, 
the exception process will also have access to the exploded 
decks and other processes of the standard system. On this 
basis, it can readily be seen that the output of the organiza- 
tion will be controlled in such a manner as to supply the 


ard system. 
demand card plus certain other documents. 


best product, in the most economical manner, and in the 
shortest time. 


Additional Process Information 


In addition to the general flow charts préviously dis- 
the complete Industrial Engineering procedural 
package for task will include detailed flow 
charts, as shown in Figure 5, and the same information 


cussed, 


each job or 


regarding raw material, the finished product, and set up 
and operational instructions for each machine-clerical 
operation as are required for other manufacturing opera- 
Also, each job will be formally and 
machine loads tabulated. As the nature of 
requires that the data in the system be current, it is 
intended that there be no backlog in the system. This 


requires accurate production data requirements so that 


tions. scheduled 


the system 


additional machine time can be borrowed from other organ- 


izations, a second shift activated, or necessary overtime 


scheduled. For the people responsible, bringing production 
is a welcome relief from the semi- 


large 


techniques to the office 


controlled conditions prevalent the manual 


systems, 
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Reference Data Required 


From the previous discussion and ijlustrations, it can 
be readily seen that the new system will operate at maxi- 
mum effeetiveness only when the major portion of the 
work can be programmed, and 
through the complete production routine. 
job, or any portion of it, is moved into the exception process 
(old system) it is susceptible to the same delays and 
reduced productivity of a manual + A possible 
exception will be improved processing, based on utilization 
of certain tools of the new system, such as punched card 


scheduled, processed 


As soon as 4 


tem, 


charge outs, reproduction requests and listings as pre 


viously mentioned. About the best way to maximize use 
of the high speed system, and minimize routing into the 
is to have all necessary data available and be 
This means that, 
machine time and personnel, it is essential that provisions 


exception, 
able to use it. in addition to the necessary 
be made for interpreting all demands into language which 
is meaningful to the system. For example, demands from 
overseas stations for prints of drawings usually are iden 
tified by the service activity’s stock number, Mngineering, 
on the other hand, has not recognized the stock number 
but has spoken only in terms of drawing and part numbers 
To bridge this gap in system language, it has been conven 
tional in the past for engineering to request of the service 
activity of the headquarters, all of the known part numbers 
against the stock This 
usually involves the manual writing of from one to fifty 


carried as references number 


numbers and/or symbols to identify the organizations 


concerned, Engineering then checks the part number and 
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CONSOLIDATED FLOW-OPERATIONAL CHART 
CARD PUNCH OPERATOR 


Removes first segment of source document 
file. 


Reviews first card. 


Prepares program card in duplicate, per 
Process Sheet G1-B1. 


Places one program card on Drum. 


Holds second card for future transmittal to 
Verifier Operator. 


Punches one card for each source document, 
completing one segment of cards at a time, 
per Frocess Sheet G1-B2. 


Assembles source documents, cross reference 


cards, and verifier program card. 


Sends to Verifier Operator (Program card 
forwarded with first batch). 


VERIFIER OPERATOR 


Places program card, received from Card 
Punch Operator, ON Verifier program drum. 


Verifies cross reference cards versus sourc 
documents per Process Sheet G1-B3. 


Reassembles source documents in file and 
returns. 


Forwards cross reference cards to Processin 
System Equipment Operator. 


Procedure No. G1 
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drawing number files, both ageney and commercial, in an 
attempt to locate a drawing. Cbviously, if the new system 
is allowed to operate on this basis, a high percentage of 
demands would cireulate through this involved process. 
Therefore, it was decided to build a stock number to 
drawing number file, in order to identify the necessary 
drawings from the stock number. This is just one example 
of a tool recognized by the Industrial Engineer as necessary 
for uninterrupted flow of work through the system 


Usage Sequences 


In addition to observing the need for two separate decks 
of identical drawing record cards to permit economical 
bateh processing from one while at the same time servicing 
short lead-time demands on a random access basis from 
the other, Industrial Engineering has recognized that 
equipment-time limitations will make it necessary to 
restrict the mechanical removing and refiling of cards to 
those having high usage. Therefore, the current drawing 
the 50,000 


most active in the high usage sequence and the balance 


record cards are to be carried in two sequences 


in the normal usage sequence. Accumulated demands can 
he mechanically matched the high sage drawing 
record ecards and mechanically collated. Those not so 
handled can be handpicked from the normal usage file or 
the backfile. This entire area of file control, with emphasis 
on mechanical card handling, provides an interesting 


challenge to the Industrial Engineer 


Reproduction 


The element which makes this system different from 
tnost other punched card systems is that of reproduction 
an area Which, until recently, has been pretty well geared 
to the speed of the past. Today the engineering drawing, 
which used to be considered acceptable if faintly discernible 
engineering data could be captured on a blueprint, must 
he capable of taking its place in high-speed data processing 
eyeles consisting of a whole combination of Processes For 
example, although the new system’s first generation copy 
of the drawing is a film negative, the second generation 
can be any number of types of reproduction —dry or wet 
process film copies or enlargements. These second genera- 
tion copies in turn can be processed into further combina 
tions, including paper contact prints. Determination of 
the best process-quality-cost combination to meet specific 
conditions is the kind of work which the Industrial kngi 
neer does every day. This reproduction field offers special 
opportunities for improvement because of the many 
combinations of processes and the rapidly advancing 
hnologys 


Approaching Systems Design 


The system designer, in addition to developing new 
methods, must be prepared to do something about a new 
organizational strueture and possible plans for replace 


ment of all or part of the old organization. [It is not possible 
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in the space allotted to give a completely detailed, step by 
step account of the actions to be taken. However, it can 
be assumed that all or most of the following basic actions 
will be required ; 


1. Selection of one or more people to make the study. (The 
effort can often be speeded if consulting services are employed.) 

2. Advice to the operating organization of the purpose of the 
study and introducing of the survey team to the supervisory 
personnel of the operating organization 

3. Review of the old operation, including the gathering of a 
complete supply of the old forms used, case studies (e.g. filled 
orders of varying degrees of complexity), organization charts, 
operation manuals, work logs, performance figures, personnel 
strengths, and any other information necessary to indieate the 
nature and volume of the work performed, the kind and size 
staff employed, the type and size of operating area, the type and 
adequacy of the equipment, and any other facts relevant to the 
study 

1. Organization of data into a book or manual deseribing the 
nature of the basie work, the order of flow, the organization ele 
ments concerned, the basic forms used (eg. what engineering does 
regarding drawing numbers, the preparation of the engineering 
release, the recording of drawings and all essential reference files 
used in the Process ) 

5 Study of other more advanced systems having similar or 
related elements of similar scope and magnitude 

6. Development of a basic plan, testing it agaist the demands 
of the old system, and discussing it with key supervisory personnel 
and modifying it if required 

7. Discussion of plans with equipment manufaeturers 

&. Selection of the final plan and preparation of a justification 
for submittal to higher authority. This justification should 
deseribe what is to be done, its impact on present operation, tts 
advantages in termes of Hniprovements and cost reduetions, the 
cost ol operation and equipment personnel and Space tet d 

9 Detailed system design (after authorization) including the 
design of necessary cards and formes, the ordering of equipment 
and material, the securing of necessary space allocations 

10. Development of the necessary organizational structure 
for the new system, including a complete functional statement 
necessary job descriptions and recommendations termes of 
personnel pay and ratings 

Il. Establishment of a program for securing necessary person 
nel both in terms of locating and training existing personnel and 
people new to the organization 

12. Implementation of the necessary training beginning with 
formal schooling and carrying into on the job traming 

13. Preparation of the required procedures for the flaw of the 
work through the system, including necessary charts and machine 
programming and operating instructions 

14. Progressive set up of the work area upon receipt of neces 
sary equipment, according to a predetermined plant layout 

15. Set up of necessary reference material and conversion of 
required old system data (e.g. old book or card type drawing ree 
ords) to input data for the new system 

16. Beginning pilot runs of data into the new system 

17. Modification of system elements as required during the 
curliest practicable phase of the pilot operation 

IS. Provisions for assuring that additions and revisions of data 
are properly synchronized between the old and new systeme 

19. Gradual phasing out of the old operation in favor of the 
new (eg., discontinuing of posting of new and revised drawing 
data into the old books and cards and mark sense programming 
into the new system 

20. Disposal of equipment, record material, space, and person 
nel no longer required 


21. Completion of necessary procedural documentation, offi ial 
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orders and instructions, clearly explaining the new organization 
wid ite relationship with the old Gf necessary ) 


Organization 


\s previously mentioned, a major element in this system 
design has concerned organization, After necessary study, 
it was decided that the new system could not be built on 
the old concept of the functional machine room where all 
electric accounting machine work would be done in a 
regular tabulating room, and all drawing-engineering 
parts list reproduction in the conventional reproduction 
room. Instead, the new system recognized the need for an 
integrated effort in the handling of incoming and outgoing 
work. It was decided to place all incoming work in an input 
“ction and all outgoing in an output section. This 
organizational concept was adopted to minimize the trans- 
fer of work between supervisory areas, and through the 
Chinination of these barriers, to perform more useful work 
with less personnel 

Onee that the basic organizational idea was adopted, a 
complete tiission statenment was developed, and a proposed 
manning table, including quantity of personnel for each 
job established. This personnel allocation between the 
Data Input, Data Storage, and Data Output Seetions 
reflected the personnel requirements submitted to top 
Hanagement in the projeet justification, Another inter 
esting feature of the organization plan was the inclusion of 
two technical staff assistants one for systems technology 
and the other for graphic reproduction technology — re 
porting directly to the Chief of the Integrated Engineering 


Data Processing Braneh. Phis line and staff concept was 


‘believed necessary if the new operation was to continue 
to develop and to adopt the latest of systems and reproduc- 
tion methods and equipment. In addition, the positions of 
Junior and Senior Programmer were established in order 
to have available personnel who were capable of planning 
and following work in and out of the system. Another 
interesting clement involved the establishment of the 
position of general purpose machine operator. Here it 
was believed that the general flexibility objectives of the 
program could be better met if electric accounting machine 
skills were added to those of the present reproduction 
operators, This made it possible to retrain the maximum 
number of the existing staff and reduce the number of 
replaced personnel to a minimum. All of these points 
mentioned involved heavy reliance on Industrial Engi- 
neering to assure that the new activity was organized for 


optimal performance 


Personnel and Training 


\fter the personnel needs were officially recognized by 
the approval of the manning table, it was necessary to 
tuke an inventory of the staff to determine which people 
had the background, experience, and capability necessary 
to operate the new system and to assimilate the required 
training. Although much of this review involved formal 
testing, a great deal of this information was aequired in 
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discussions with personnel in conference sessions scheduled 
for enlisting the support of the people and allaying their 
fears as to the possible impact of changes on their jobs and 
work lives. During these discussions, the scope of the 
program, effect on the old system, type of work, method 
of aptitude testing, method of selection for training, possi- 
bilities for advancement, manner and magnitude of staff 
reductions, sacrifices in terms of schooling, additional 
supervisory loads, and the like, were explained. Fortu- 
nately, because the operating personnel were convinced 
that the implementation of the new system and the 
phasing out of portions of the old were to be done according 
to a fair plan which recognized that employees were human 
beings who not only had personal feelings but also skill, 
knowledge, and training which the employer was reluctant 
to lose, the people gave tremendous support to the pro- 
gram. After a long series of tests, people were nominated 
for schooling based on a plan of qualification. 

At this point it might be well to mention that because the 
system change was to be evolutionary rather than revolu- 
tionary, and as the new system did not contemplate 100% 
replacement of the old one, such factors as age of personnel, 
general adaptability to new conditions, personal preference 
for type of work, the rigors of learning new things, the 
needs of the old system for effective operation, and the 
intense competition for certain jobs in the new operation 
were considered, The training plan also had to recognize 
the availability of training facilities and the need for a 
schedule which would bring people into the new system 
at the proper time. During this period, an experienced 
tabulating machine room supervisor was acquired and 
indoctrinated in the new system. He then began to oversee 
the training and to assist in developing the necessary 
electric accounting machine operating procedures. 

Virtually all of this initial training was done without 
benefit, of equipment on the premises, because of long 
equipment delivery lead times and reluctance to pay 
monthly rental for idle machines. Once the machines were 
received, on-the-job training began. After a sufficient 
length of time, performance was measured against estab 
lished standards and necessary steps were taken to meet 
or exceed these standards. [It is not intended to claim or 
to infer that the job of rebuilding an activity is easy. On 
the other hand, the job is not so difficult that the Indus 
trial Engineer should not take the time and effort to meet 
his moral responsibility to people currently on the job as 
suggested by that outstanding Industrial Engineer, Dr 
Lillian Gilbreth, in her visit to Detroit some months ago 


Work Simplification 


During a long-range program such as this, the Industrial 
Mngineer must chart a course which will satisfy the main 
objective of the program —a new system plan within a 
reasonable length of time. However, during the course of 
this work it appears inevitable that the need for certain 
changes in the old system will be required. In this case, 
it is necessary to decide if a diversion to improve the old 
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-vstem is warranted. In some cases an immediate benefit 
can be realized and the improvement carried into the new 
system. For example, in one instance a bottle neck was 
broken, unit) labor expenditure was reduced by 75% in 
one area, and some manual counterparts of mechanical 
tools of the new system were introduced simultaneously. 
This expenditure of time and the slight delay in forming 
up the new system plan were considered justified in this 
instance, In addition, the changes have aided in training 
personnel in the new method 


Selling the System 


The old remark concerning the worth of a good ide: 
which can’t be sold also applies to systems engineering. In 
this case, a basic plan was developed which was believed 
to be feasible and which could be justified on the basis of 
improved service and reduced cost. It was necessary to 
present these facts in such a manner that they would stand 
scrutiny of higher level authorizing and controlling activ- 
ities. Therefore, a little extra effort was put into the written 
documentation than is normally developed for an engi 
neering presentation. Fortunately, this justification was 


avorably received, and later received wide distribution 


beyond the initiating organization. [It is believed that 
effectiveness of the presentation had some bearing on the 
fact that the program was designated a Pilot: Installation, 
At various times in the life of a large project, it is neces 
sary that appropriate graphic materials, in the form of 
charts, slides, and handouts, be available for bricting, 
indoctrination, and training. The figures previously shown 
in this article have been taken from the presentation mate 
rial developed for this program. 


Conclusion 


It is believed that the renovation of this engineering 
records-data processing system, and other similar pioneer 
ing efforts in this field, are just the beginning of a trend 
toward the modernization of the large engineering opera 
tions of Industry and Government, The Industrial Engi 
neer because of his professional training and background 
is ideally equipped to recognize the need for improvement 
and to develop the required system, As a participating 
member of the improvement team, he will find almost 
unlimited opportunity for expanding his knowledge and 
the scope of his operation. In so doing be will expose him 
self to those job opportunities and satisfactions available 
to those who contribute to progress. 


The Industrial Engineer in Government 


By Frank T. Geyer 


Chairman, Committee on Government Operations (Pro Tem.) 


This is the final report of the Committee for Govern 
ment Operations appointed by the President, American 
Institute of Industrial Fngineers during the Board. of 
Trustees’ Meeting of October 13, 1956. 


Basis for Appointment 


The President received inquiries from the membership 
and Engineers outside the organization expressing a 
desire to know more about how the Federal Government 
Was using the services of the professional Industrial En- 
vineer. The investigations of the various task groups 
under the Hoover Commission had uneovered many 
areas in Federal Government that were inherently re 
ceptive to the application of the principles of Industrial 
engineering. The Engineers were curious about the real 
and definitive implementation resulting from the recom- 
mendations of the fact finding committees. To the Indus- 
trial Engineer the objective application of the principles 
of Industrial Engineering to the Government operations 
could be measured by the extent of active affiliation of 
professional Industrial engineers with the different Fed 
eral agencies. This report was written with the objective 
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of answering the related questions not from a eritiea! 
Viewpoint but as an informative report to the membership 


Background for Federal Service! 


The signing of the Civil Service Act by President Ches 
ter A. Arthur on January 16, 1883, established the prin 
ciple that persons appointed to Government career post 
tions should be selected on the basis of merit. At that time 
the number of Federal emplovees was 13,800. Compare 
this total with the 2,000,000 persons presently employed 
in Government work all over the world. The Federal Goy 
ernment is the largest single employer, The aceclerating 
demands of ever increasing population and growing 
complexity of the economy has resulted in unparalleled 
demand for publie service and higher employment in 
Federal Government. The fluctuation of Federal employ 
ment during National crises is immense. Before 1939 the 
highest employment was 907,000. A peak of 9,786,000 


' from press release by Civil Servier Commission 
commemorating 7ith Anniversary of the signing of the Civil 
Service Act of January 16, 1885 
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was reached in World War IL. Employment dropped to 
2,000,000 before the Korean action and rose again to 
over 2,666,000 during the Korean emergency. 

There are more than 70 departments and agencies of 
Which the Commission of Fine Arts is the smallest with 
three employees and the Department of Defense is the 
largest with a 1,000,000 civilian staff stationed in all 
parts of the United States and possessions as well as in 
most foreign countries. One fourth of the total Govern 
ment employees are responsible for postal service. Veter- 
ans Administration has eight percent. Twenty-one percent 
serve a multitude of agencies that also help to maintain 
the American way of life. The work of the Federal em- 
ployee affeets every phase of the American scene from 
income taxes to narcotic drug control, atomic energy re- 
vearch to forest conservation. These are but a few of the 
diversifications of Federal activity 

hederal employment is open to United States citizens 
under the Civil Service Act. Competitive examinations 
establish lists of successful applicants by job designation 
Positions are filled by selecting among those graded high 
est in the examinations. Only 10% of Federal jobs were 
covered by the Act in 1S8SS83. Today approximately 85% 
are included for all positions, with ninety-one percent 
being meluded for those located in the continental United 
States. In 1956 the competitive Civil Service became 
world wide by the inclusion of 20,000 jobs held by Amer 
lean citizens in foreign countries and possessions. Alaskan 
jobs numbering LO000 were also included in 1955 

Some of the Federal positions are under a separate merit 
system. ‘Phe Foreign Service of the Department of State 
has 15,000 employees in this category. The Department of 
Medicine and Surgery of the Veterans Administration 
has 20,000 and the Federal Bureau of Tivestigation has 
14,100 employees in the same class. The ‘Tennessee Valley 
Authority employees have a separate merit system also 
There are 11,8000 persons included 

The Civil Service Commission excepts three classes of 
Vederal jobs from the merit system. These jobs are known 
us Schedules A, B, and C. Those in Schedule A are posi 
tions for which it is impractical to hold any examination 
These include foreign posts, chaplains, professional and 
technical experts to be used for temporary consulting 
purposes. Jobs in this class number about 237,000. Sched 
ule Bois for positions for which competitive examinations 
are impractical but for which non-competitive examina 
tions are given. There are 4,800 of these positions. Sched 
ule © lists those positions in) policy making levels for 
politically appointed heads of agencies operating in more 


or less confidential capacity. These may be expected to 


change with each change in administration and examina 
tions are not given. There are 1200 of these positions in 
Schedule C 

The merit system as established by the Civil Service 
Act guarantees the aspirant or career Civil Service worker 
protection against discrimination as to race, religion, 
national origin, political spoils system, or rendering 
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political service or tribute in order to retain his job. It 
further guarantees to the citizen who is not a Federal 
employee that his Government is administered with the 
best qualified available people of high standards of per- 
sonal and moral conduct and competence. The assassina- 
tion of President Garfield in 1881 brought home the evils 
of the spoils system and directly focused the public atten- 
tion to the need of legislative purification of Federal Civil 
Service controls. The fall elections of 1882 were fought out 
on the issues of the Civil Service Act. When the Congress 
met, the first business was the passage of the Act. Several 
years later the Internal Revenue Service came under the 
Act with renewed public confidence resulting therefrom. 
Since its founding the Civil Service system has been 
markedly free from criticism and has acted in the best 
interest of the people. President Roosevelt: made the ob- 
servation in 1906 that observance of the spirit and letter 
of Civil Service law is one of the first indices of a clean, 
decent, efficient government. President Eisenhower also 
reaffirmed this principle in 1956 when he said, “Nowhere 
in the world have I met more efficiency, more dedication, 
more readiness to serve and to put in hours on end with 
out counting them on the clock, than I have among the 


Civil Service.’ 


Government and the Industrial Engineer’ 


The Industrial Engineer, as does every man in every 
walk of life, has the problem of starting his productive 
life in the right position, to make the correct choice of 
employer so as to obtain what he alone expects out of the 
job he chooses, in terms of ambition and qualification. 
As an engineer the desire to create a useful and beneficial 
way of life is close to the top of his desires as a professional 
man. In choosing between Federal and private employ 
ment the young Industrial Engineer is faced with the 
problem of disparity in the starting salary. The Federal 
(Government is nevertheless the largest single employer 
of engineers and scientists. The 1954 figures show 43,000 
professional engineers in Federal service covering 40 
recognized professional engineering specialties. The lead- 
ing divisions were electrical, civil, mechanical, general, 
construction, hydraulics, ordnance, naval, and chemical 
Also listed were design, structural, aeronautical, indus 
trial, agricultural, materials, marine, highway, and safety 
engineering. The most heavily populated was electrical 
and electronic with 5320 engineers. The least was light 
house engineering with three professional engineers. ‘The 
Government employs ten percent of the engineers and 
scientists of the nation. Four departments employ ninety 
percent of all Government engineering personnel De- 
partment of Defense, Department of Commerce, Depart 
ment of the Interior, and Department of Agriculture 
The Department of Defense accounts for sixty-seven and 
one half percent of the total employed. 


* News Release USCSC 16 Jan. 57 Address by Philip Young, 
Ch. USCSC, “The Engineer in Federal Service’ 
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The continuing expansion of the Government scientific 
and technical programs has created an ever increasing 
demand for engineers and scientists. The White House 
Committee on Engineers and Scientists is studying the 
utilization of the technical manpower in Government 
programs. Members of this committee are drawn from 
the top business, scientific, and Government figures. 
The function of the committee is to advise the President 
of the United States of the most economical ways in which 
to use or to apportion the scientific and technical man- 
power of the Nation. Action groups composed of compe- 
tent technicians carry on intensive work in fields of re 
cruitment, pay, use, employee attitudes, fringe benefits, 
turnover, numbers, kinds and levels of engineers in Govern- 
ment. Mach finding is compared with experience in private 
employment practices. The results attained by the groups 
are consolidated and reported to the Steering Committee, 
In turn the recommendations of the Steering Committee 
are given the President for administrative and legislative 
action on the basis of a coordinated executive branch 
approach to the problem. 


The Salary Question 


The starting salaries offered by the Government to the 
young engineer for certain positions can be less than offered 
by private employers. This is caused somewhat by legisla- 
tive lag and inflationary tendencies outside the Govern- 
ment, 

The need for periodie wage and salary review for tech- 
nical positions is recognized by the Government, Revised 
pay schedules developed by fact finding teams are studied 
and evaluated. When adjusted to the budget factor a con- 
firmatory review is made of wage practices in private 
industry and a classification-grade pay scale is set. It is 


debated through both Houses of Congress and upon pas 


sage is referred to the President for signing into law. 
Upon ratification the Civil Service Commission issues the 
necessary administrative instructions for effecting the 
new seale. In the interim the economic aspect of the Na 
tion may have changed from that on which the original 
revision Was based, 

The Civil Service wage and salary structure has been 
criticized as being too rigid with the pay ceiling too firmly 
fixed and top grades too limited. Action has been taken 
by the Civil Service Commission to liberalize the authority 
to pay above minimum salaries in critical occupations 
as well as to obtain substantial increases in the number of 
super-grade scientific positions. Currently, the problem 
of holding technical personnel in Government against 
more attractive offers by private industry has been aired 
before Congress in subcommittee hearings. Where Govern 
ment cost reimbursement contracts are involved, legisla- 
tors have proposed limitations in contract clauses for 
salaries to be paid engineers and scientists employed on 
Kederal research and development contracts. In certain 


Instances private interests, having Government contracts 
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and hiring Government Engineers, advertise the availabil 
ity of positions at the expense of Government, 

The following list contains recent legislative actions 
and proposals introduced in recent sessions of Congress 


HR 9405 S4th Congress 2nd Session 20 Feb 56, Mr. Murray 
Tenn., Increases number of key positions in NACA to attract 
top technical talent, 

HR 9350 S4th Congress 2nd Session 16 Feb. 56, Mr. Murray 
Tenn., -Increases salary of 275 positions in DOD and 35 in Na 
tional Security Agency, to be set by Secretary of Defense 

Hearings before the Committee on Post Office and Civil Sery 
ice compilation of the testimony submitted in conjane 
tion with the above bills 

HR 2804 85th Cong., Ist Session 14 Jan 57, Mr. Moss — Inereases 
in pay for certain seientifie and professional Civil Serviee em 
ployees 

HR 2803 S5th Cong., Ist Session 14 Jan 57, Mr. Gubser In 
creases in pay for scientific and professional employees in Civil 
service 

PL 420-Sist Cong., Ist Session Determines grade in general 
by describing duties commensurate with grades in Civil Service 

PL S5SO-Sist Cong., 2nd Session Postpones Classification Act 
of 1949 for certain employees of Selective Service System 

PL S73-Sist Cong., 2nd Session Administration of perform 
ance rating plans for certain employees of the Federal Govern 
ment 

PL, 763 88rd Cong., 2nd Session Provides certain employee 
benefits for Civil Service personnel 

PL, -SMth Cong., Ist Session Adjust rate of basie pay for 
employees of Federal Government 

HR 1857 and 2161-S4th Cong., 2nd Session Mr. Murray, Tenn 
Report on additional scientifie and professional positions under 
DOD, NSA, and NACA 

PL S54, S4th Cong., Ch 2nd Session, HR 760 Inereases 
pay for heads of executive department in Federal Government 
Fringe Benefits 

While pay is one of the most pressing problems— dit 
ference between Government and private industry — the 
area of fringe benefits in Government compares well with 
private practice, Vacation periods in Government a few 
vears back were more liberal than most private plans 
Presently, annual paid vacations are based on length of 
service, Le, 2 hours per week up to three years service, 3 
hours per week from three to fifteen years service, 4 hours 
per week for over fifteen years. Sick leave accrues at rate 
of 2 hours per week regardless of length of service and can 
be accumulated year after year of Federal Service, The 
retirement plan is generally considered to be somewhat 
better than most private plans. Six and one half percent 
of gross earnings is deducted for retirement fund. The 
group life insurance is as good as most private plans. The 
ederal Government has an incentive award system that 
pays cash awards to accepted suggestions submitted by 
employees. Medical and hospital insurance is nonexistent 
at this time. It is expected that future legislation for the 
inclusion of some form of hospitalization ino the benefit 
package will be provided. 

Last year the travel stipend (per diem) was increased 
to a maximum of twelve dollars per day. Other increased 
benefits now being considered are larger payments of re 
location costs when employees are transferred in the in 
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terest of Government and payment of expenses for attend- 


ance at technical symposiums. 


Conservation of Technical Manpower 


\n important phase of the technical studies involving 
the economical use of engineers is a part of the manpower 
utilization investigations. The manpower problem is one 
that is close to the heart of the Industrial Engineer and 
is one in Which the Industrial Engineer will perform an 
increasing part in the near future. It has been stated that 
a fen percent improvement in the use of technical and 
sclentifie: personnel nationwide would more than equal 
the number of engineering graduates from the nation’s 
universities for the year. Within the Federal Government 
it involves the assignment of administrative and sub 
professional duties insofar as possible to nonprofessional 
personnel, Paradoxically, the engineer in’ Government 
has proved that as an administrator he is often amazingly 
proficent. The habit of applying analytical thinking to 
administrative problems as he does to technical problems, 


obtains results. The Civil Service Commission is develop- 


ing a policy of establishing Government wide criteria in 
the employment of engineers so as to contribute to the 
maximum productivity of technical personnel. This has 
not yet been fully implemented in practice but much is to 
be expected 

Many private firms consider Government experience to 
bean asset. The rate of turnover of Government engineers 
supports this attitude. 


Job Satisfaction 


To the engineer a feeling of satisfaction toward his work 
is of extreme importance, many promising engineers 
have left Government and private employment because 
they felt. a lack of good administration, proper supervision, 
pleasant work environment, challenging projects, stimu 
lating associates, room for growth and advancement, 
and personal recognition, will never be known? The im- 
portant thing is that Government is beginning to recog 
nize these aspects of job satisfaction to a degree never 
before considered, The Cordiner Committee investigations 
on attitudes in Federal Government have shown that 
equipment, facilities, the caliber of associates, and fringe 
benefits, are generally thought of as favorable in Govern 
ment. The technical employee feels that training oppor 
tunities are limited, 


Recruitment of Engineers 


The Civil Service Commission has authorized new 
approaches to the problem of attracting engineers to 
hederal Service without depending wholly on the salary 
angle. On the spot appointments can be made by agency 
egineers acting as recruiters. Credit in) examinations is 
given for licenses, honors, membership in professional 
societies, and for other evidences of professional attain 
ment. Faster than usual promotions can be had by out 


standing candidates and trainees for engineering positions. 
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The number of supergrades in engineering and scientific 
high level positions have been increased. Entrance salaries 
can be above the minimum established for a grade. Stu 
dent training programs have been established. Credit for 
and time contributions have been made by Government 
agencies to encourage employees to take extra traming 
outside Government. Government cannot compare equally 
with private industry nor can industry compare equally 
with Government in the matter of advantages offered to 
engineers. The two have separate and distinet fields of 
endeavor and functions to perform. 

A bathelor’s degree from an accredited college or uni- 
versity or technical experience equivalent to a four year 
college curriculum qualifies the applicant engineer for 
appointment in Grade GS-5 at $4,480 per year. Comple- 
tion of a master’s degree or six months professional en- 
gineering experience is required for appointment to GS-7, 
$5,335 per year. Advancement to GS-9, $6,115 per year is 
possible after eighteen months service. After a year in GS-0 
engineers are eligible for promotion to GS-11, $7,035 per 
year. An additional year can bring promotion to GS-12, 
$7,570 per year. Above minimum grade starting salaries 
are not available in all positions. Advancement is not auto- 
matic. It depends upon experience, increased responsi- 
bilities, and the occurrence of vacancies. Within grade in 
creases range from $125 annually after 52 weeks service to 
$215 annually after 78 weeks service. Job restoration 
rights are in effect after military service. 


How to Apply 


Positions are filled by evaluation examinations based on 
experience listed by the applicant. Written tests may not 
be required, Examinations are continuous and may be 
taken at any time. Separate examinations for engineering 
positions may be announced by the central or regional 
offices of the Civil Service Commission or by boards of 
United States Civil Service examiners located in Federal 
agencies throughout the United States. Application blanks 
can be obtained from Post Offices, Civil Service Commis- 
sion, and Regional Offices. 


Creation of Engineering Positions 


When a position within a Government ageney indicates 
the need for an Industrial Engineer to perform the listed 
duties, the agency Classification Officer assigned to the 
agency personnel office assists the department head in 
preparing a job description. The classification and grade 
level of the position is set by reference to job standards 
as established by the Standards Division, Bureau of Pro 
grams and Standards, Civil Service Commission, Washing 
ton 25, 1). 
Office may be requested if the job is new or suitable gen 


Assistance of the Civil Service Regional 


eral deseription of duties does not exist. The Regional 
Office may also refer to the Civil Service Commission for 
assistance in establishing classes and grade of a new posi- 
tion. Some agencies apply directly to the Civil Service 


Commission for assistance in filling specific positions, 
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Administrative criteria consistent with the laws ratified 
by Congress and affecting employment of Engineers are 
developed in the Natural Science, Engineering and Legal 
Section, Staff and Policy Group, Civil Service Commis- 
sion. The Civil Service Regional Offices maintain lists of 
eligibles by engineering job title registers. Names of suc- 


cessful applicants are added to these lists. Agencies select 
prospective Engineers from the lists. When the position 
is urgent and in the absence of eligibles through exhaustion 
of registers, positions may be filled by the agency directly 
hiring the employee on a temporary indefinite status. The 


employee has the opportunity of gaining permanent status 
hy taking the specific job examination when it is given. 

The Civil Service Commission decentralized as far as 
possible the hiring of personnel for vacancies to the agen- 
cies. The Regional Offices administer and grade the exami- 
nations. Successful applicants are listed in order of their 
examination grades on the registers. The Natural Science, 
engineering and Legal Section, Civil Service Commission 
recently completed general descriptions for Mechanical 
and Chemical Mngineers. At this time a comprehensive 
description is being prepared for. Eleetrical Engineers. 
It is planned that all categories of the engineering profes- 
sion will be the subject of general job descriptions to be 
prepared by the Civil Service Commission in the near 
future. Agencies and Regional Offices are subject to peri- 
odic field) checks performed by teams from the Civil 
Service Commission to insure adherence to class and grade 
limitations as established by law. 

Industrial Iengineering has been assigned the group 
and series classification number GS-S06. Engineers were 
formerly listed as professionals with the prefix letter P 
as a part of the group classification number. lexcessive 
restrictions experienced hiring professional personnel 
for this classification caused its elimination shortly before 
the Korean War. The letters GS for General Schedule 
were substituted therefor. Hourly paid employees have the 
prefix WB, Le. Wage Board, before their group classifiea- 


tion number, 


The Government Industrial Engineer on the Job 


The increasing complexity of Government has caused a 
corresponding increase in the cost of Government. The 
economy of Government is subject to intense and critical 
scrutiny by the citizens and political interests. Instances 
of Government extravaganees are given the maximum 
treatment in editorial comment. The findings of various 
committees for investigation of economy in Government 
during the past decade have recommended the application 
of the principles of Industrial Fngineering although some- 
times unknowingly. The Industrial Engineer is beginning 
to be recognized by Government and is being introduced 
into the management staff of larger Government installa- 
tions. Specifically, the Industrial Engineer is being used 
ina variety of Government jobs allied with industry and 


industrial processes. It is understandable that Govern- 
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ment in the past has not foreseen the advantages of apply 
ing the principles of Industrial Engineering to administra 
tive processes, Since the beginning of World War IL the 
conservation of manpower, materials, power, and time 
became a vital factor in achieving military and economic 
victory. For the first time the national effort was forced 
into the application of every measure that could produce 
a saving of resources. In the period after World War I 
a continued need for the coordinated conservation of 
resources was felt by Government, The principles of In- 
dustrial Engineering as applied by the trained professional 
Industrial Engineer was the obvious answer. 

In the Department of Defense, the Army, Navy, and 
Air Force have many functions that are closely related to 
industrial processes. All have repair and maintenance 
depots where their basic arms are overhauled, modified, 
and tested. All have material storage and issue problems 
beyond anything experienced in’ private industry. All 
are subject to overnight expansion immense propor: 
tions. Timely sufficiency of supply is their watchword 
Here the Industrial Engineering principles can produce 
the greatest results. A few of the Government positions 
in Which Industrial Engineers flourish are listed as follows 


Industrial Engineers (per se) Depot repair and maintenance 
establishing process lines, plant layout, standards, incentives, 
equipment, ete. GS 9 through 13 

Organization and Methods Examiners GS 5 through This 
work is usually a part of the Personnel Administration Offices of 
posts, depots or is under the direction of the Comptroller as a 
device for appropriations control of expenditures and imeludes 
time study, production, work space layout, and classification 
Some incumbents have found these positions elemental in scope 

Quality Control and Inspection Specialists Wage Board and 
to 12. Quality Control at contractor's plants and mainte 
nance depots 

Production Specialists GSO to 12. Maintaining rate of pro 
duction in contractor's plants and is the source of diversified 
experience for the Industrial engineer, Production delays are 
investigated from all angles. The Industrial engineer fits in well 

Industrial Specialists GS-9 to 13. Work on higher plane than 
Production Specialist in industrial surveys from potential eapa 
bility viewpoint 

Operations Analysts Usually in higher grades with poliey 
making staff of Government agencies. Similar to Organization 
and Methods Examiners in lower urades, Not open to Industrial 
Icngineers as frequently as to persons with administrative back 
ground and experience in Government. Industrial longineering 
principles would benefit: these positions 

General Engineer GS 5 to V3. More administrative than tech 
nical knowledge required. Diffieult to define because the title in 
different areas is not equally descriptive 

Management Analysts GS 5 to Evaluation and control of 
management problems. The Industrial bingineer who is interested 
in administrative management will gain practical expernence 
here 

Occupational Research Analyst to 12. Deseribing ele 
ments of duties for occupational areas, preparing job descrip 
tions. Classification experience helpful 

Position Classifier GS 9 to Classification of personnel b 
grade and job area, analysis of job elements 

Coat Accountant and Analyst) GS 7 to 13. Begregation of indus 
trial costs, and preparation of cost analysis reports A background 
of cost accounting and knowledge of industrial cost= categories is 


THE JOURNAL OF INDUSTRIAL ENGINEERING 38) 


necessary. An understanding of industrial processes is an asset 
here 
Vaintenance Engineer GS 7 to Not janitorial. Oecurs in 


military depots and is similar to Plant engineer in charge of 


maintenance 


‘There are also many categories of positions open to the 
Industrial engineer in the basic sciences, drafting, tool 
design, ete. The jobs listed occur frequently in all branches 
of the Department of Defense, some in the Post Office 
Department, many in the Atomic Mnergy Commission, 
the Department of Interior and other non-military agen 
cies. A lesser number of positions are open to the Industrial 
kngineer in the Department of Labor and some of the 
older departments, 

Civil Service employees are subject to the same attitudes 
and phobias that are experienced by their commercial 
counterparts. He is little different basically from his 
brother in private industry. Government is more sensitive 
to the attitudes of the people than private enterprise. 
In some areas the principles of Industrial Engineering 
have been accepted with limited enthusiasm by Govern- 
ment. At one time the use of the stop watch as an aid to 
the measurement of work was prohibited by law. This 
concept persists and seems to vary inversely with the size 
of the agency as measured by the amount of annual appro 
priation and publieity given the economy of the agency. 
Suspicion of new methods to effect economy has carried 
over from the days when drastic and uncontrolled methods 
were applied to show immediate savings in industry. The 
Industrial Engineer in Government service can help to 
advance a more positive acceptance of the principles by 
his exemplary performance according to the standards 
mlvocated by his professional society. Where traditional 
nanagement practices are still used the more ts 
the job of the Industrial Engineer in Government as in 
private industry. The professional engineer will face up 
to the problem and prove by his contributions to the job 
that the principles need not be a source of suspicion and 
distrust, Few bosses can resist an employee who performs 
his job so as to reflect credit back to the boss. 

In the Department of Defense the Industrial Engineer 
is often under military supervision. It is the poliey of the 
military to control their respective departments by use of 
military supervisors trained to be generalists rather than 
specialists. In the majority of instances this arrangement 
works well. [tis not unusual to find Civil Service employees 
of advanced years and long experience in technical special 
ties reporting directly to a military supervisor who ts a 
Second Lieutenant fresh from. college. It need not be 
stated that this situation is conducive to many problems 


in personnel management 


The Military Industrial Engineer 


Industrial Engineering training may be used to advan 
tage in several job areas of the Departments of Defense 
military organization, One requirement lists Production 
and Procurement Staff Officer in grade of Major through 
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Colonel. Among the prerequisites are noted Industrial 
engineering or Business Administration training. Produc- 
tion Officer and Quality Control Officer lists Industrial 
Mngineering or Business Administration traming prefer 
ence also. Grades for this latter group vary from Lieu- 
tenant to Major. Contract negotiation and administration 


as well as readjustment and termination activities use 


Procurement Officers of many categories. Legal as well 
as industrial background is an asset in some of these posi 
tions. Grades vary from lieutenant upward with duties 
commensurate with rank varying considerably. 

The Industrial Engineer can contribute in the field of 
military intelligence where industrial processes or re- 
sources are to be evaluated or analyzed or survey of cap- 
tured materiel is necessary. In the armaments field and in 
addition to the depot repair specialties the experienced 
Industrial engineer can contribute as Armament Systems 
Officer 
Maintenance Officer, Production and Control Officer, 


Maintenance Engineering specialties such as 


Fabrication and Repair Officer, Equipment Maintenance 
Staff Officer, and Ground Equipment Maintenance Off- 
cer, in grades from Lieutenant through field grades are 
closely related to the work of the Industrial Kngineer. 
Base Installation Officer or Engineer can also be listed. 
Transportation Officer in allied fields of maintenance and 
scheduling is related to Industrial Engineering. Other 
general positions in commissioned grades that have been 


and are being filled by Industrial Engineers are 

Supply Research and Development 
Supply Staff Human Resources 
Military Attache 


Manpower Management 


Budget 
Special Investigation 
Statistical Services Safety 


Administrative and Training 


In addition to the foregoing and as attested by the his- 
torical records maintained in the files of National Head 
quarters, American Institute of Industrial Engineers, 


Industrial Mengineers are a prime source of combat leaders. 


The Military Industrial Engineer as a Supervisor 


In principle the military supervisor need not be wholly 
expert in the technical aspects of his organization where 
specialists can be employed. In practice the military super- 
visor does a better job if he becomes a specialist as well 
as a generalist. The more aware he is of the technical side 
of his responsibility the more economy ts engendered into 
the product of his organization. The military supervisor 
administers with a minimum of personal technical con 
tribution and a maximum of administrative coordination 
effort. A military supervisor who is a good administrator 
but lacking technical ability will succeed where a good 
technically trained military supervisor who lacks adminis 
trative ability will fail. Military supervisors having a 
background in Industrial Iengineering serve in various 


grades and responsibilities in the following general areas: 
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Vilitary Depots Current military thinking proposes a sup 
ported military effort for a relatively short duration in execution 
of defense plans if need arises. Increased use of machine weapons 
including mechanized transportation and electronic devices 
creates immense logistical problems Coordination of obsoles 
cence, space, timely use, packaging, receipt and issue, is being 
resolved into a science to which the Industrial Engineer ean con 
tribute his professional skill. This problem is common to all de 
partments of defense 

Vilitary Modification and Repair Depots When military equip 
ment is overhauled or repaired at a depot often the operations 
are closely allied to commercial job shop manufacturing. The 
difficulties of process, materials handling, quality, equipment 
use, training of personnel, are similar to those encountered in 
private industry. This is a natural field of employment of the 
Industrial Engineer. The Manpower, Personnel, and Reserve 
Section, Office of Secretary of Defense, recognizes this similarity 
and has actively supported the application of industrial practices 
in these areas 

Vilitary Procurement--The Industrial engineer who is familiar 
with contract law, costs accounting, materials, processes, buying, 
ete., can produce many economies in the field of contract adminis 
tration, production control, quality control, ete. 

Vilitary Base Maintenance An awareness of the military in 
planning maintenance patterned after commercial industrial 
practices has further increased the opportunities of the Industrial 
engineer particularly in the layout of facilities. Operations are 
not as EXtensive as depot technical maintenance 

Vilitary Administration Here is an untouched area common 
to all defense departments waiting for the Industrial Engineer to 
ipply the principles of economy. It is not meant that wasteful 
ness prevails throughout Government or that agencies are by 
nature meapable of economy of effort. The swiftly fluetuating 
defense plans, weapons concepts, and potential aggressor eapa 
bilities are coordinated in an outstanding manner by the Depart 
ments of Defense. The Industrial Engineer can contribute to ad 
nunistrative process planning on policy level 


Conclusions 


The following conclusions are presented for your consid 
eration: 


1. There is a definite upswing in the awareness of Government 
igencies to economies that can be effected by the Industrial ken 
gineer 

2. The use and understanding of the Industrial Kngineer in 
Government is hampered by a partial misunderstanding as to how 
the Industrial engineer can be used to best advantage. Lack of 
definition of what an Industrial engineer is and does, contributes 
to this coneert 

4. There exists some reluctance to adopt and apply the prin 
ciples of Industrial Engineering which is apparently based on 
early pre; idices 

1. The Civil Service Commission and military departments are 
doing everything in their power to insure that all categories of 
Government engineers meet minimum professional standards of 
training and experience as generally accepted in the profession 
In those isolated instances where persons have been enrolled as 
engineers who were not qualified, corrective procedures have been 
apphed 

5. The use of Industrial engineers in Government is unneces 
sarily limited to those areas that are considered to be comparable 
to industrial type operations 

6. The Post Office Department is making the greatest use of 
Industrial Engineers. The Department of Army has the most 
active Industrial Engineering program in the Departments of 
Defense 

7. The Departments of Defense recognize Industrial Engineer 
ing training but do not insist that it is the only acceptable pre 
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requisite for positions closely allied with the Industrial Engineer 
Ing concept 


Recommendations 
The following recommendations are presented for your 
consideration: 


1. An attempt should be made to mote completely identify the 
Industrial Engineer and his field of logical endeavor by definition 
both general and specific 

2. The Civil Service Commission and the Department of De 
fense should be coordinated regularly by notices of activity en 
gaged in by the American Institute of Industrial Engineers to 
uplift the profession of Industrial Engineering and to suggest the 
advantages that can be realized through employment of Indus 
trial Engineers 

3. Each instance of relaxation of professional engineering 
standards in Government should be frankly discussed with the 
Civil Service Commission and the Departments of Defense, or 
other Government agencies 

4. National Headquarters, American Institute of Industrial 
Engineers, should maintain a file of reeent data pertaining to 
general job descriptions, standards of experience and training, 
classification of positions, wage and salary studies, relating to the 
profession and to be supplied to interested parties and agencies 
upon request 

5. Each professional Industrial Engineer and particularly 
those in Government serviee can aid in the acceptance of the 
Industrial Mngineering profession by continuing the practice of 
the profession to the best of his individual capabilities. The pro 
fessionally qualified Industrial Engineer of unquestioned ability 
and integrity is the best advertisement of the standards of this 
profession, Acceptance of the Industrial Engineering principles 
will stem from the sueeess of the capable Industrial Magineer in 
practice whether in Government or private industry 
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Report on the Kighth Annual Conference of 
the AILE 


By A. J. Asalone 


Industrial Engineer, Western Electric Company, Kearny, New Jersey 


\nxious members of the Convention Council stopped at 
the registration desk of the AlIk’s Sth Annual National 
Conference throughout the day on May 16th and 17th 
low was registration coming? Would the conference 
break even? Would it be a success? When the final results 
were known, there were smiles of relief and pleasure, The 
Conference attracted 1128 people. It was the largest AIL 
meeting to date. It made a net profit of $10,000, more than 
any other meeting up to this time 

This end result was the product of more than a year and 
a half of planning and hard work by Convention Council 
members. It was the end result of the generous coopera 
tion of the newspapers, magazines, and radio programs 
that passed the word that New York City was to be the 
meeting place of the eighth Annual Conference, It was 
the result of a proclamation by Mayor Robert Wagner 
that made May 13 to 18 “Industrial Engineering Week.” 
It was also the result of the City renaming famous “Times 
Square” as “Tndustrial bngineering Square.” 

The Conference, which was opened by Henry M. 
Owades, President of the Metropolitan New York Chapter, 
got under way with a stimulating keynote address by the 
author and consultant Peter Drucker, Following this for 


the next two days registrants listened to lectures, partici 


pated in seminars and watehed motion pictures on topics 
ranging from operations research to work simplification. 

A questionnaire was circulated to determine the most 
popular subjects covered at the meeting. The small group 
seminar discussions led the list Subjects of special inter- 
est were: operations research, management controls, sta- 
tistics and mathematics, plant layout, material handling, 
budgetary and cost control, work simplification and measure 
ment and production planning and control. 

Field trips of special interest to Industrial Engineers 
opened areas not usually visited by the public at well 
known locations. The Port of New York Authority, the 
General Post Office, Bush Terminal Buildings and the 
New York Stock Exchange were all visited, 

A ladies program ran concurrently with the Convention 
and included a fashion show, a trip to the United Nations, 
and attendance at the Thursday evening banquet 

The Thursday evening banquet was one of the high 
spots of the Convention. Presiding was Howard P. Emer- 
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“Times Square’? becomes ‘Industrial Engineering Square’? for 
the week of May 15th. Miss Betty Mancuso changes the sign 


son, now Past National President of the Institute. Alex 
W. Rathe, Associate Professor of Management Engineer 
ing, New York University was toastmaster. The first order 
of business was the “Award of Honors’? to Dr. Lillian 
Gilbreth to commemorate her previously presented 
Fellowship. This gift was accepted by Ernestine Gilbreth 
Carey in the absence of her mother who was in Hurope. 
Fellowships were awarded to David B. Porter, Professor 
of Industrial Engineering, New York University and 
Frank Hl. Neely, Chairman of the Board, Rich’s, Ine., 
Atlanta, Georgia. Following the awards, the guest speaker 
of the evening was introduced; N. E. Felt, Jr., Operations 
Manager Earth Satellite Project, Glenn L. Martin Co 
He spoke on the earth satellite project, describing the 
launching of the earth satellite. 

On Thursday noon, Kenneth MeFarland, sponsored 
by the General Motors Corporation, presented a luncheon 
speech entitled “Ropes of Gold.” He dealt mainly with 
the reasons behind success and failure. At the Friday 
lucheon, a speech on “American Know-Why” was pre- 
sented by Dwayne Orton, Editor of Think, Educational 
Consultant, International Business Machines Corporation, 
and President, Council. for International Progress in 
Management. 
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\ closed circuit television program reviewing the In- 
dustrial Engineering scene today was the final Friday 
session. The program was moderated by Chet Huntley, 
the nationally known news analyst. 

The reviews were separated into sections dealing with 
the various aspects of Industrial Engineering. 

Section “Industrial Engineering Pioneers’, was 
led by Dr. L. W. Wallace, Conference Leader, Ordnance 
Management Engineering Training Program, Rock Island 
\rsenal. The participants were John Willard, Partner, 
Bigelow, Kent and Willard, and A. M. Lederer, President, 
Morris and Van Wormer. It dealt with the great In 
dustrial Engineering leaders, their accomplishments, and 
with the accomplishments of the Industrial Engineers 
us group. 

Section I] 


engineering Scene.” 


“The International 
chairman, 


Was titled, Industrial 
The MacNiece, 
Technical Consultant, Permacel Tape Corporation, was 
joined in the discussion by Edward DeLuca, Vice Presi- 
dent, Gardner Display Company and Jerome Barnum, 
President, Jerome Barnum Associates. The session dealt 
with the use of various Industrial Engineering techniques 
abroad, and developed a comparison of these techniques 
as used here and abroad, 

“Beyond The Industrial Hngineering 
the title of the third seetion. The chairman was Mrs, 
Gene Weeks of Gene Weeks and Associates. With her 
were Professor W. Richardson of Lehigh University and 
Dr. William Gomberg of Washington University. This 


Horizon” was 


Industrial 
engineer may be called upon to perform in the future. 
Looks at In- 
was led by Professor Alex Rathe 
and featured Harold Scherr, President, Juvenile -Manu- 
facturing Company and H. KE. Chiles, Jr., President, The 
Western Company 


session dealt with the various activities the 


The final seetion, “Top Management 


dustrial Mngineering’’, 


This section presented an interesting 


@ HOW FOREMEN 


Mayor Robert Wagner presents the proclamation of “Industrial 
Engineering Week"’ to Professor Howard P. Emerson, Past Presi 
dent of AIL, as Dean Gordon B. Carson, President of AITE looks 


on 


commentary on the strengths and weaknesses of Industrial 
engineering as some top management peopl saw them. 

The convention was closed by Frank M. Gryna, Jr., 
Conference Co-Chairman, 

The Conference was, as measured by attendance and 
income, a success. But those who worked on it finished 
their work hoping that something more had been ac 
complished, They had seen the conference as an op 
portunity to advance the profession of Industrial Mngi 
neering. It was a chance to present both a showcase of 
Industrial Engineering interests for management and the 
public to see, and a stimulating and educating meeting 
for the Industrial Engineer. Figures alone cannot answer 
the question of whether these goals were realized, but 
there was a feeling of optimism in the air as the Conference 
ended. 
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An expert on the subject, Phil Carroll, shows you 
exactly how to take on cost control problems—and 


at all levels in the plant or shop. Fore- 
men, supervisors, engineers, timestudy men—all can 
use these specific facts, data, and methods to get on 
top of cost problems in quick order. 

Starting right at the front-line supervisory level, 
this Library points out the foreman’s responsibilities 
for costs—gives scores of helpful suggestions on such 
typical foreman cost problems as changing setups, 
training new men, handling rush orders, eliminating 
waiting time, scrap, and 80 on. 


solve them 


Timestudy techniques and applications 


From the ABC's of timestudy, this Library leads 
you step by step through the standard setting proc 
esses. Complete, practical explanations cover the 
entire timestudy procedure—how and where to start, 
building standard data, applying standards, and 
maintaining a complete incentive installation 

A full explanation of the total-conversion-cost 
method of control gives you tested means of boosting 
profit and plugging cost leads 


Order your Library from: JOURNAL OF INDUSTRIAL ENGINEERING 
A. French Building, 225 North Ave., N.W., Atlanta 10, Georgia 
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An Application of Linear Programming to 
the Assignment of Materials 


Handling Equipment 


By Virgil Erickson 


S.C. Johnson and Son, Ine 


In many companies, especially process industries, there 
are often several available methods for transporting mate 
rial, Generally conveyors provide the most economical 
method of handling large quantities of material. However, 
conveyors lack the flexibility of fork lift tracks and pallets 
Therefore, as a compromise between flexibility and cost, 
or for other reasons, a company may have developed 
a materials handling system which includes a variety of 
types of equipment 

Hf the company also has a wide variety of products, then 
the selection of the type of materials handling equipment 
lor each product may become rather complex. An arbitrary 
assignment of materials handling equipment usually re 
ultsin higher handling costs than a systematic assignment 
lh one company in the Chicago area, for example, a random 
selection of equipment would require a material handling 
crew of up to six men more than the crew size of the sched- 


ule found from: linear programming 
Cause Study 


The principle is illustrated by the following case study 
of a glass company which produces a wide variety of bot 
tles, tumblers, and a host of other glass products. These 
items are produced ona group of twelve machines, packed 
in corrugated cases and then carried away on twelve con 
veyor lines, one from each machine. Only one product is 
produced on a machine each work day, with new setups 
made by a special night shift. Thus, daily production is 
limited to twelve products, 

The conveyor lines carry the various packaged products 
from the production locations to the shipping area where 
the cases are either palletized manually, palletized auto 
tnatically, or are conveyorized directly into railroad cars 
Thus, there are three methods of handling the product 
The semi automatic palletizer (4) (5) is a devise with a 
power lift platform which lowers the pallet as the cases are 


* Presently Associate Professor Industrial Engineering, 
Purdue University 


and Paul H. Randolph* 


lasistant Professor, Department of Industrial Engineering, Illinois Institute of Technology 
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fed onto the platform. Thus the operator can slide the cor- 
rugated cases into position with little effort. In manual 
palletizing the cases are lifted manually from the conveyor 
to a pallet placed on the floor. Because the size of the crews 
assigned to manual palletizing can be varied at will, all 
products that are not conveyorized or palletized auto- 
matically are placed on pallets by hand. When carloading 
by conveyors, the cases are fed through a conveyor switch- 
ing station. This station directs the various products to 
the proper railroad car, where they are loaded manually 
into the car from the conveyor. 

Since the total number of products manufactured by 
this company is considerably more than the daily limit of 
twelve, the various combinations of products produced is 
different each day and each day a new decision must be 
made as to how the combination of twelve products will 
be handled. These decisions must be made within the 
framework of the restrictions of the company. Let us con- 
sider the restrictions of the company of this case study. 

Both methods of palletizing require subsequent han 
dling by fork lift truck to bring the material to a railroad 
car, to the truck dock or to the warehouse, The conveyors 


TABLE 1 
Van Hours and Daily Production Rates For All Products 
Man Hours Required per 100,000 Ibs Daily 
Product Produc tion 
Automatic Manual! rousa nds 


Conveyer of Pounds 


Palletizing Pa lletizing 


26 37 112 
2 27 20 37 164 
3 25 28 37 Is] 
5 32 62 SS 65 
6 2h 37 Ho 
2s | 37 117 


3 
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35 3S 42 70 
1! 57 2 6s 36 


TABLE 2 


Cost Table For Transportation Calculations 


Man Hours Required per 100,000 Ibs Daily 


Production 
Thousands 


Automatic Manual! 


Pa lletizing Pa lletizing 
31 37 
20 37 164 
28 37 Is] 
21 
2 
3 

37 

a2 

3 37 117 

33 
70 
76 


250) 570 1007 


* A cost value which is large enough to prevent conveyor han 
dling for this product 


can transport the material only to the freight cars. Some 
products may not be shipped by rail and therefore require 
handling by pallets. Thus, only a solution which assigns 
no units to the conveyor for these products can be per- 
mitted, This can be accomplished by assigning a very high 
cost to the transportation of these products by conveyors. 

It is also possible that only a part of the daily production 
of a product will be shipped by rail with the remainder 
taken to the truck dock or to storage by fork truck. In this 
case the product can be considered as made up of two sub- 
products with the total daily production split among these 
two sub-products. One of these sub-products will be as- 
signed a daily production equal to the amount to be 
shipped that day with the normal conveyor cost. The other 
sub-produet will have a daily production equal to the 
remainder but with a large conveyor cost. 

Conveyor loading is limited to a total of five carloads of 
50,000 pounds each, or a total of 250,000 pounds. Since 
there are three automatic palletizers, the total capacity of 
the automatic palletizer is approximately 25% (3 lines out 
of 12) of the total daily production. The manual pallet 
system is unlimited in capacity 


Cost of Handling 


The cost of handling the material is directly related to 
the number of labor hours required, which in turn has been 
found to be linearly related to the number of pounds 
handled. That is, the cost of handling 1,000 pounds is 5 
times the cost of handling 200 pounds. This company has 


collected information on the number of man-hours per 
100,000 pounds required for handling each product on each 
type of materials handling equipment 


Let us consider a typical day with twelve products, In 
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Table 1 the cost characteristics in man hours and the daily 
production rates of these twelve products are given, Four 
of these products, those numbered 3,7, 11, and 12, are not 
to be shipped that day, and therefore the conveyor cost of 
these products must be made large enough to prevent con- 
veyorizing. This is indicated by a cost of “M” in Table 2, 
where M is as large as we wish to make it. Furthermore, 
only 50,000 pounds of product 6 and 10,000) pounds of 
product 9 are to be shipped by rail. Therefore, these two 
products are each considered as made up to two sub 
products designated by A and B. Sub-products GA and OA 
are assigned a daily production of 50,000) pounds and 
10,000 pounds, respectively with normal conveyor cost, 
while sub-products 6B and 9B are assigned the remainder 
of the daily production with a high conveyor cost, as shown 
in Table 2. 

Since conveyors generally require less man hours than 
either method of palletizing, the total capacity of the eon 
veyors, namely 250,000 pounds will be used. Likewise, the 
automatic palletizing uses less man hours than manual 
palletizing for most products and thus these will also be 
used to their capacity of 25 per cent of the daily total pro- 
duction, or 277,000 pounds. The remaining 570,000 pounds 
will be handled manually. These capacity restrictions are 
noted at the bottom of Table 2. 


Method of Handling 


With Table 2 the problem of assigning the materials 
handling equipment to the produets can be solved quite 
“asily by the well known transportation algorithm of linear 
programming. Since this computational method has been 
explained many times in other articles (1) (2) (3), it need 
not be repeated here. The linear programming solution is 


given by Table 3. This table implies that all 112,000 pounds 


TABLE 3 


Linear Programming Solution of the Materials Handling Selection 
Probl mnt 


Thousands of Pounds Handled 
Product 


Automatic Manual 


tion 
Pa lletizing Va lletizing 
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Product 
Conveyor 
l 26 
2 27 
3 M* 
5 $2 
M* 
7 M* 
2s 
WA 
ob M* 
35 
1] M* 
12 M* 
2 O34 
Is] 
21 Is] 
5 | 21 
on 
7 
s 117 
10 117 
ob $5 
70 $5 
70 
387 


TABLE 4 Thus the final minimal cost solution is to handle all of 


Vodified Solution of the Materials Handling Selection Problem product ] on the conveyor, all of product 2 on the auto 


Thousands of Pounds Handled matic palletizer, all of product 3 on the automatic pal 
Product letizer, all of product 4 on the conveyor, ete. 
Convenes Automatic Manual Daily 
iveyo Pa lletizing Pa lletizing Production 
Conclusions 
) 164 164 lhe problem of this case study is similar to that found 
4 Is] 18] in many plants. Current practice is to assign the products 
1 21 2! to equipment rather arbitrarily. This procedure is inefficient 
4 tity H5 and chancy and does not guarantee a minimum cost 
schedule. In contrast, the application of linear program 
60 H0 
- os os ming assures a minimum cost solution and provides a pro- 
‘ 
% 117 117 cedure which is so simple that the scheduling can be 
WA 10 0 assigned to clerks. 
on 33 
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Although this is the minimum cost solution satisfying 
the specified requirements, it is not necessarily the one to 
follow. For example, consider the total of 277,000 pounds 


to be assigned to the automatic palletizer, This figure is 


arbitrary, based on the fact that the company. has three 
automatic palletizers which can be assigned to serve any 


three production lines. The assignment of product 2 to two 


methods of handling implies that one of the automatic 
palletizers will be idle part of the day, which seems un 


reasonable. “Phus, rather than split’ produet 2 into two CONFERENCE AND CONVENTION 


methods of handling, all of this product could be assigned 


to the automatic palletizers at a saving of approximately The Ninth Annual Conference and 
one man day (08 « LOI 8.08 man-hours) for the day. Convention of AllE will be held: 
This, of course, increases the rather arbitrary marginal re 
quirement of the automatic palletizer to $78,000 pounds Los Angeles, California 
Likewise, since box car loads can be varied slightly, it may Hotel Statler 
he desirable to investigate the possibility that all of prod June 12, 13, and 14, 1958 
uct GA be transported to the boxears by conveyor. This 
would save about half a man hour (05 & 8 AO) per PLAN NOW TO ATTEND 
day 

‘These two changes are given in the modified schedule of ‘ 


Table 4. With these changes in equipment requirements, 
we no longer have the original problem and thus the modi 


fied solution is not necessarily optimal. However, the "mc _ 
REVISED EDITION 


transportation algorithm ean be applied to the new model FUNCTIONS AND BASES OF TIME * 
to test the optimality of this modified solution, Normally STANDARDS 
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degeneracy can be followed. In this case study the modified 
the case 
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Predetermined Time Standards 


Variable Set-ups 


In a shop where a condition of small quantity produc- 
tion lots is the rule rather than the exception, the problem 
always exists as to the accuracy of labor standards for 
the set-up portion of the operation. This problem becomes 
magnified as the portion of an employee's time concerned 
With set-up operations increases, and the planning. se- 
quence of job assignment is dictated more by the urgency 
of the job rather than the similarity of jobs. The incentive 
worker Wants the assurance that he is being paid for the 
work he performs. Management likewise wants the as 
surance that its labor costs are under control. 

Labor standards for set-ups have been handled in 
many Ways. The most satisfactory method used to date 
is the on-the-spot analysis of the work performed and, 
through the use of standard data or a stop watch, the 
necessary allowances made. This is costly in observer 
time and requires the operator to perform the work first 
and later be notified of his standard. This eventually 
leads to incomplete coverage, ineffective incentives, and 
employee dissatisfaction. The most common method is to 
allow a fixed and normalized set-up. This can result in 
penalty to either the company or the operator and= is 
insensitive to changing methods and conditions. Still 
another method shifts the responsibility to the operating 
supervisor to negotiate a “price’’. All of these eventually 
lead to labor disputes for their obvious reasons. 

‘The system to be outlined in this paper was developed in 
a job shop atmosphere. Crossed production lines of cus- 
tom-engineered overhead cranes, power shovels and other 
heavy machinery require a fluid production schedule with 
endless changes in job scheduling. Aggravating this con- 
dition is a superimposed and very heavy repair order 
schedule with the usual ‘Rush’, “Special Rush’ and 
“Emergency Breakdown” categories. With the “break 
ins” and changing production demands, the need for 
a flexible yet sensitive set-up standards program is un 
questioned The company subseribes to a policy of maxi 


President of the Milwaukee Chapter of AILk 
Formerly Division Industrial kengineer, & Harnisehfeger 
( orporation Milwaukee 
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By D. A. Drewery' 
Chief Industrial Engineer, P. & H. Harnischfeger Corporation, Milwaukee 
and R. R. Coats’ 


Assistant to the Vice President of Manufacturing, H. C. Smith Oil Tool Company, Los Angeles 


mum coverage with direct measuring incentive standards, 
Product costing is currently on an actual or “as incurred” 
basis. Elemental standard data and standard operating 
practices are the bases for all labor standards calculations. 

To predetermine time standards for any operation, 
recognition of the work an operator must perform is all 
important. To do so for the set-up portion of the opera- 
tion, the analyst must know the details of the set-up for 
the preceding operation. [t is conceivable that with proper 
scheduling of work through a given work station, the set-up 
may require only a minor tooling change, Or again, despite 
planning, a major change may be necessary. There is still 
the question of whether the set-up operation will always 
require the same amount of work. Will the sequence of 
work flow always remain the same through each work 
station? When is the sequence, and thus the amount of 
work, known? Since sequence is very diffieult to control, 
particularly in a job shop, recognition of the variable or 
conditional portion of a set-up, depending upon the pre 
ceding operation, is vitally important. 

Under this predetermining standards system the set-up 
standard is actually developed in the following three 
stages, the first two being fixed for any particular job 
1. The job change portion, or that work which occurs in every 

set-up regardless of the particular job in question. 


of this are receiving job assignment, studying blueprint 
walking to and from dispatcher’s station, ete 


The assignable job portion, or that work that depends upon 
the particular job assignment and is constant regardless of 
assignment sequence, This may include setting feeds and/or 
speeds, assembling certain holding devices, and placing and 
removing special cutting tools 

4. The conditional portion, or that work that is governed by 
the set-up of the preceding job. This may consist of the 
possible usage of general purpose cutting tools, tool and 
material holding devices, ete., from the previous set up 


Conditional Set-up Standards 


The explanation to follow will be primarily devoted to 
the development, administration and effect of the third 
stage since the first two are self-explanatory. The de 
velopment of this third stage is outlined as follows 
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Schematic Diagram for Conditional Set Up 
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Bushing Length Ban 
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Bushing or Bore Diameter 1.000 


Work Arbor Morse Taper 


Support Stand Required 


Work Arn Collar Required 


No 


No 


il 
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Conditional Set Up Code 
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| 
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I. Schematic Diagram (Figure 1) 
\. Basic types of set-up 
Components 
Set-up coding. 
Il. Check Sheet Development (Figure 2). 
\. Hlemental analysis. 
B. Caleulation of standards (via machine tabulating 
equipment) 
“Baseball Schedule” 
(higure 4) 
These 


Il Chart of Set-up Time Values 
taken from the 
of conditional set-up standards for gear hobbing machines. 
the 
variety of machine 


exhibits are actual development 


Hlowever, same principle has been applied to a wide 
and can be further extended to 
the 


tools, 


any equipment or station where sequence variable 


eXists 
Where 


every 


the 

hor job 
calculated and 
We 


e(-up of a machine tool is completely made 


a complete fixed standard can be pre- 


in such cases conditional standards are 


impractical have found such to be true for upright 
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Diagram 


drills, keyseaters, and fully automatic and special purpose 
machine tools. 


Schematic Diagram 


The important variables affecting the amount of set-up 
required in going from one job to another must be de 
termined as the first prerequisite in setting up the sche- 
matic diagram. These variables represent the components 
of the basic set-up types. As an illustration of this analysis 
refer Figure | “Schematic Diagram for Conditional 
Set-Up Gear Hobs” 
basic set-up types, which in this case refleets the method 
of holding the gear blank while hobbing the teeth. This 
three work (A) Work Arbors, 
(3) Pot Fixtures, (C) Centering type face plates. 

It is then found after further analysis that although one 
job held on a work arbor might be followed by another 
the would 


have to be changed because of the length of bushing re- 


The first step is to determine the 


resolves into methods: 


held on a work arbor, arbor quite possibly 


quired, the bushing or bore diameter, or the morse taper 
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| Pot al 
Artor 

tone 10" if 
#10 #12 #18 None #14 

| | 
= | 
| | | | 
Po Yes No Yes No Yes No Yes No Yes No No 
| | | | 
PS | No No No Yes No No No 
| 
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on the arbor. These three variables are classified from 
standard categories and plotted as legs on the schematic 
diagram under the basic set-up type “arbor”. The next 
consideration to be made is simply a “yes” or “no” re- 
quirement of the support stand or work arm collar. This 
adds two legs to each of the four previously deseribed. 
The final item which seems to affect time from one set-up 
to the next is the use and the quantity of rim braces 
used in supporting the gear blank. This is standardized 
as to the quantity to be used dependent upon the outside 
diameter of the gear blank and drawn as four additional 
legs to those previously described. The same sort of anal- 
ysis is then pursued in the extension of the diagram for 
each of the other two basic types of set-ups. The three 
(A) Work 
Arbors, (B) Pot Fixture, (C) Centering plate, and each 


basic set-up types are then coded as follows: 


leg of the schematic diagram is numbered consecutively 
through all the legs for each basic set-up type. 
Il. Check Sheet Deve lopme nl 

check 


for determination of time requirements to 


The next step is the development of a sheet 
(Figure 2) 


perform the various operations in going from one basic 


type of set-up to another, The time values used on the 
check sheet must reflect separate times for “place” and 


“remove” of the variable components of the set-up since 
the work will be performed at different times and possibly 
by different operators. Hach element or operation of work 
is numbered and listed separately with the time values 
required to perform same, Space is provided for the 


analysis from one basic set-up type to another. 


A. Check sheet analysis to determine time values, 


The analyst determines the ultimate time required 
to perform the conditions of the set-up by using the 
schematic diagram (Figure 1) and the check sheet 
(Figure 2). He traces from the end of one leg to the end 
of another following the schematic diagram and the 


shortest’ possible path. As this is done the necessary 


elements are checked off in the appropriate block. 
A2S8 to sel up type C2, 
Set-up A28 is a basie arbor type using a #18 


Example: From set-up type 


taper work arbor, a support stand and 12 rim braces 
Set-up C2 is a centering plate basic set-up requiring 
a #14 taper work arbor and 3 rim braces. To go 


Date: 


Operation Analysis 
Conditional Set lp Standards 
(Based on One Machine Assignment ) 
Gear Hobbers 
Prepared fy: 


From Set Up type AZZ 


3/3/52 


c 


Nornnal 
Tine/Occ. 


11.620 
6.432 
5.186 
6.553 

8.109 

16.218 

240327 

32 

5.016 


Assemble Work Arbor 
Assemble Pot Fixture 
Assemble Centering Plate 
Assemble Support Stand 
Assemble Work Am Collar 
Assemble 3 Rim Braces 
Assemble 6 Rim Braces 
Assemble 9 Rin Praces 
Assemble 12 Rim Braces 
Remove 3 Rim Praces 


SF CS CO C7 CFP 


\3 


Remove 6 Rim Hraces 10.932 
20.064 
8.475 
16.950 
33.300 
7.27 
72231 _ 
5 405 
64005 
4.16 


Remove 9 Rim Praces 
Remove 12 Rim Braces 
Reset 3 Rim Praces 
Reset 6 Rim Fraces 
Reset 12 Rim Draces 
Resove Arbor 
Renove Pot Fixture 
Remove Centering Plate 
Remove Support 


Remove work Am Collar 


= 


TOTAL MINUTES 
Std. Bre. Tot. Min. x .0264 
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Fic. 2 Check Sheet 
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E 0 06 432 
rT IVE 12 RIM BRA 20 064. 
7 REMOVE WORK ARBOR O07 427 
TO BOD2 00 8696 ae @25 
1 ASSEVBLE WORK AR 11 620 
5 ASSEMBLE CENTERIS PLATE 05 186 
1 12 BRA S 20 064. 
17 RENMNOVE WORK ARBOR O07 427 
,EMOVE SUPPORT 06 O05 
FROM TO COOL O1 328 50 302 
1 ASSEMBLE WORK ARBOR 11 620 
a ASSENBLE CENTERING PLATE Q5 186 4 
12 REMOVE 9 RIM BRAC 5 15 048 
14 RESET 35 Rit BRAC 08 475 
[7 LE NHORK ARGOI O7 427 
-EMOVE SUPPORT O06 O05 
FRO? A028 TO COO02 O1 419 $3 °8 
WORK ARBOR 11 620 
1 PLATE 6 


hia. 3 Tabulation of Standards Caleulations 


from an AZS type set-up to a C2 type the operator 
must remove 9 rim braces, and reset 3. Hlements 
numbered 12 and t+ are appropriately checked 
Tracing up the legs of the schematic diagram, the 
work arm collar is not required in either type of 
set-up. The support stand is required in the A2S 
vet-up and must be removed for the C2. set-up. 
Mlement number 20 is entered into the proper block 
The #18 work arbor used for the A28 set-up must be 
replaced by a #14 work arbor for C2. Element 
numbers 17 and | are entered. The only thing left in 
the conditional change over is to assemble the center 
ing plate. Mlement number 3 is entered, 


B. Caleulation of Standards 


The conditional portion of the set-up operation for 
gear hobs requires 1764 calculations. On othee machine 
tools this figure may be Substantially higher. Utilization 
of machine tabulating equipment to perform this 
calculation operation accurately and rapidly is a very 
practical solution. However, in order to do this some 
definite planning and direction is a must. First a master 
card deck is key punched from the check sheet (Figure 
2) with each card representing an element of work and 
carrying the complete information shown on the check 
sheet by element number, From the master card deck 
duplicate cards are made through the duplicating 
machine. A blank tabulating card of a different color is 
then punched for each leg of the schematic diagram 


THE JOURNAL OF INDUSTRIAL ENGINEERING 


(Figure 1) reading from set-up to set-up, with this card 
reflecting, as an example, “From set-up A-28 to set-up 
(-2". With the calculation framework established the 
various cards are assembled for the calculation opera 
tion. This is done with clerical help. The duplicate 
cards of the master card file are placed in order by 
element nurmber in an open top container and identified 
by use of index spacers. The clerk assembles the 
individual cards required for each leg of the condi 
tional set-up by using the check sheet and collating 
the cards by number as shown in each column of the 
check sheet. 

From set-up A-28 to C-2. 

Cards numbered 1, 3, 12, 14, 17 and 20 are as 
sembled with the identifying set-up card “From 
set-up A-28 to set-up C-2”’. 

As the assembled cards are accumulated they are 
fed into the tabulating machines where the normal 
minutes are totaled, calculated into standard hours 
based on the policy formula for allowances, and 
listed (Figure 3). The resultant allowed time is 
automatically punched to the identifying set-up 
eard, and the identifying set-up card is then used 
for a summary listing. 


“Baseball Schedule’ —Chart of Set-up Time Values 
(Figure 4). 


The time values required to perform the various com- 


binations of the conditional set-up are now developed, 
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but they must be put in such form to be effectively utilized. 
One method of doing this is by the use of the so-called 
“Baseball Schedule”. All of the values are put into tabular 
form so that by reading from the one axis “From set-up 
type-”’ across and down from the other axis ‘“To set-up 
type-”’ the desired value is quickly obtained. 

Where the number of variables exceeds those found in 
this gear hobbing example, it is frequently found con- 
venient to create more than one schematic diagram and 
thus more than one chart. Such a device was employed 
for standards for turret lathe set-up operations. Because 
of the possible combinations, over 15,000,000) calculations 
would have been necessary to confine the plan to one single 
chart. However, by normalizing out the minor variables 
and employing four charts (two each for the hexagonal 
turret and head stock) the number of calculations was 
reduced to approximately 13,750. 

Thus far then we have established a system whereby 
every possible type of machine set-up can be designated 
by a simple code number. We have likewise precaleulated 
performance standards to be applied when an employee 
is required to change over a machine from one type of 
set-up to another. All that remains is to bring this in- 
formation together at the right time and place. 


Administration 


As in many programs, the success of this one is depend- 


ent upon good administration. The following are essential 


requirements to put 


into being predetermined time 


standards for variable set-ups: 


A staff of Industrial Engineers fully familiar with the avail 
able tooling and types of set-ups as applied to the company's 
products. Predetermined standards are of greatest value 
from the standpoint of incentive administration cost and 
incentive effect if they can be established as routings (or 
process sheets) developed in the office from new engineering 
drawings. Normal observation ability is all that is required 
for on-the job studies while a highly experienced Industrial 
Engineer is required to pre-establish operations analysis, 
The analyst in ealeulating the set-up standard (a) estab 
lishes the fixed portion of the set-up, (b) determines the set 
up coding, or the type of set-up required to process the part, 
and (¢) makes entry of (a) and (b) on the routing master 

A properly maintained master routing system. This system 
must be current at all times reflecting any changes in 
machine tools, jigs and fixtures and produet engineering 
changes. 

An order scheduling board with job assignment made by a 
dispatcher or shop clerk, With scheduling cards racked on 
the scheduling board in job sequence order, the dispatcher 
(a) determines the conditional set up eode of the preeeding 
job and the one to which the operator is being assigned; 
from A28 to C2 (b) determines the allowed time from the 
baseball schedule; 1419 standard hours divided by 2 and (e) 
adds this conditional portion to the fixed portion as specified 
442 + .710 = 
This total is entered on the operator's labor card at the time 


on the seheduling card; 1.182 standard hours 


the job assignment is made 
Non seheduled auditing of shop clerk COn pu bots When 


ever human errors are possible, auditing of such programs 


Industrial Engineering Standards 
Subject: Conditional Set Up Standards 


Date: 8/8/52 


Gear Hobbera 


Time Values Are Based On One Machine Assignment And Are Expressed In Standard 
Hours Allowed To Make The Conditional Set Up Change. 


To Set Up _ Type 


$32 Bl B2 Cc 3 


Fic. 4 Chart of Set-up Time Values 
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should be exercised. Typical audit summaries are made 


Attention is given to the percent variance actual to standard 
With minute negative variances the possibility of collu 
sion and significant error can be dismissed. The audits also 


suggest the avenue of approach to a standard cost system 


or cost estimating. The average percentage of the conditional 


portion to the fixed portion of the set-up standard can be 


used to increase the latter figure 


Conclusion 


‘The success of this system is best attested by the ex 


perience with it after being in effeet for over two years. 


1 No labor disputes have arisen as to the sequence of work 


assignment. If a foreman requires an operator to make a 


complete tear down and rebuild of the set-up due to poor 


planning, the operator is paid in proportion to the additional 


work required 


2. by being informed by the shop clerk of the size of the con 


ditional set up standard, the foreman can be cheekmated 


and realign his production sehedule for minimum labor 


costs and maximum production all other production require 
ments bemg equal 
). Sinee the operator does not stand to be penalized due to a 


normalized, ‘fixed set up, the size of the production runs 


how no bearing on his earnings. Thus, the foreman has no 


PRESIDENT’S 


By Gordon B. Carson 


resident, American Institute of Industrial Engineers, Ine 


U nceasing Education 


He was obviously a man of circumstance and accom- 
plishment, In fact he had forgotten more than some of the 
shiny-faced Industrial Engineers knew. But he was dis- 


MESSAGE 


turbed. “I can’t read the new hieroglyphics,” he said. . . 
“IT don’t understand the rash of sciences which the new 
look is putting out . 
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. The system requires an investment of Industrial Engineering 


trouble expediting urgent small quantity repair orders 
across the various facilities 

The time to compute a total standard by a shop clerk is 
very small for each job, but there ean be no denial that 
accumulatively for a full department a noticeable clerical 
work load is imposed. However, the total standard is com 
puted before the job assignment is actually made eliminating 
delay on the part of direct labor. The heaviest such load is 
in the turret lathe department (three separate conditional 
standard figures per job) where in addition to this funetion 
the shop elerk performs all clerical duties including mainte 
nance of the order scheduling board for approximately 46 
turret lathe and related machine operators 

man hours at the outset. However, once the schematic 
diagrams and baseball schedules have been established, a 
substantial number of analytical man hours are saved there 
after since this much of a set-up standard requires only a 
coding instead of an assembly of work elements. We cur 
rently develop new set-up standards of this category for 
about 300 operations per week. An estimated 30 to 40 addi 
tional Industrial Engineering man hours would be required 
every week were the standards precaleulated on a normal 
ized, fixed basis. Or on another basis, the additional time 
of 6 to 10 observers would be required were the standards 
calculated on the floor on an as-ran basis since we would 
never have the identical set up ehange duplicated and thus 
ill would have to be observed, 


..and yet I know that if I could 
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understand the language, I could contribute to the general 
progress in Industrial kngineering.”’ 

This is typical of the position in which many mature 
engineers find themselves ... regardless of specialty. But 
in Industrial Engineering progress has been much more 
rapid in the past few years than in some of the other 
branches 

Check your real positive knowledge. What do the fol- 
lowing terms mean to you? 

Decision Theory 
Information Theory 
Mathematical Statistics 
Linear Programming 
Operations Research 
Systems engineering 
Standard Deviation 
Variance 

Servo Theory 
Feedback 

Closed Loop 

Analog Computer 
Simulation 

Digital Computer 

Most of you recognize the terms, of course, but the 
chances are that if you completed your formal education 
more than five years ago, your knowledge of the terms is 
sketchy or rudimentary in most cases, 

Both the national organization and the local chapters 
have obligations to run short courses and refresher courses 
for the mature Industrial Engineers of each major chapter 
center. Not all programs can be alike, since local needs 
vary. But in every instance much can be taught and as- 
similated through mutual study and learning. 

Let’s examine our needs and start our own “Operation 
Bootstrap.” There is no need for an alert Industrial Fn- 
gineer to become obsolete. There is never a barrier to 


learning through age alone. Magerness to learn is not the . 


peculiar property of the very young. 

So often we hear the term, “why don’t they do some- 
thing about it?” In this case “they” is you and me and 
all of our members. 

By tackling the problem of continuing education for 
all those of our membership who want to participate, we 
can raise the level of attainment of the entire profession 

and increase each member's ability to make personal 
progress and to improve his professional standing. 

To start such a program is not easy. To run it will re- 
quire the diligent and farsighted leadership of many. And 
it is one area in which all who participate can benefit 
many fold 

Invest in yourself... and in your profession. It is the 
only investment you will ever make over which you will 
have substantial and directing control! 


A New Epoch for ATTE 
At the August 21 meeting, the Board of Trustees voted 
to move our National Headquarters to New York when 


the new United Engineering Trustees Building is ready for 
occupancy in late 1960 or early L961. 
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This new building, scheduled for erection at First Ave- 
nue between 46th and 47th Streets, will be across First 
Avenue from the United Nations area. It will be the na- 
tional headquarters for all ‘of the major engineering socie 
ties, and for such inter-disciplinary groups as the Engi 
neers’ Joint Couneil, of which ATLE is a member, 

The Board made no hasty decision. In spite of the fact 
that AITE has a heavy concentration of membership in 
the Midwest, and in spite of the personal bias favoring the 
Midwest on the part of many Board members, there 
could be only one conclusion: The future growth, power, 
and service of ALLE to its members demanded location in 
conjunetion with the other top engineering societies, 

In the interim period between now and 1961, headquar 
ters will remain in Columbus, Ohio, where additional 
space has been engaged to fill the needs of our rapidly 
growing society. The present headquarters occupy a 
suite of rooms on the sixth floor of the Brunson Building, 
145 North High Street. 

Don A. Trenwith manages the office as Business Ad- 
ministrator, and in February, veteran member Floyd A. 
Titler will assume full-time duties as the first: professional 
Executive Secretary of ALTE. 

Better service to AILE members is the objective of 
National Headquarters. And after 1960, it is hoped that 
a new position of ever-increasing influence in national 
affairs will be achieved by your society. 

Progress is trouble. Growth may mean departing from 
practices of the past. But our society will always remain 
the champion of professional progress for Industrial En 
gineers, and will represent our segment of engineering in 
the councils of all engineering organizations. 

You will be increasingly proud of your society, ss it 
moves ahead in its national influence, and as it achieves 
for you a new position of respect in our ever-changing 
national economy. 


For your copy of 

A SURVEY OF 

INDUSTRIAL ENGINEERING 
FUNCTIONS AND PERSONNEL 
by Paul E. Overcast 


write to: 

Industrial Engineering Department 
University of Houston 

Houston 4, Texas 


35 Tables of valuable data for 
Industrial Engineers and Management 
Price: $1.50 per copy 
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INSTITUTE INTERESTS 


CALENDAK 


November 14-15, 1957: Twelfth National Meeting of the Opera 
tions Research Society of America; Penn Sheraton Hotel, Pitts 
burgh, Pennsylvania 

November 18-22, 1057: Second Annual University of Dayton 
Vaperwork Simplification Conference; University of Dayton, 
Dayton, Ohio. Write University of Dayton Publie Relations 
Office, 400 College Park Avenue, Dayton 9, Ohio 

January 6, 7 and 8, 1958: Fourth National Symposium on Re 
liability and Quality Control; Hotel Statler, Washington, D.C 
Write Richard M. Jacobs, RCA Bldg. 108-2, Moorestown, New 
Jersey 

January 27-February 6, 1958: Engineering and Management 
Course; University of California, Los Angeles. Write Admin- 
istrative Staff, Engineering and Management Program, U.C, L.A 

March 17-21, 1958: Fourth Nuclear Engineering and Science 
Conference; Chieago, Llinois. Write Atomic Exposition, 117 
South 17th Street, Philadelphia 3, Pennsylvania 


PERSONALITIES 
David B. Porter 


Nineteen members of New York University’s faculty and ad 
ministrative staff retired this summer. They inelude the Uni 
versity controller, one dean, an assistant dean, and four chairmen 
of saeademice departments. Nine full professors, all of whom have 
weumed the title of professor emeritus in their respective fields, 
also retired, One of these was David B. Porter, in the College of 
engineering, who was named a Fellow in the American Institute 
of Industrial Engineers in 1957 


Dickey Dyer 


Dickey Dyer, « veteran of 16 years experience in Industrial 
engineering and management consulting, has joined George 
hry & Associates, the Chieago-New York-Los Angeles manage 
ment consulting firm, and has been appointed resident manager 
of the firm's New York office, it was announced by William J 
Biehl, president 

Formerly a member of the consulting firm of Welling & Wood 
ward in New York, specializing in new products engineering, 
Dyer from 1951 to 1955 was business manager of the Work-Factor 
Company in Cleveland. From 1941 he was associated for ten years 
with Dyer Engineers, Ine. in Cleveland, concentrating on the 
development of industrial cost control systems 

A graduate of Tlarvard University, Dyer is a member of the 
Society for the Advancement of Management, having served as 
viee president of the Cleveland chapter. He is also a member of 
the Allk, serving last year as conference program chairman of 
the Cleveland chapter 


MEMPHIS CHAPTER 


The July meeting was held on July 24 at the Union Planters 
Bank, Highland Heights Branch. The speaker for the evening was 
Mr. Haneel Bonds, one of our own Associate Members. Mr. Bonds 
is Supervisor of Industrial Engineering at Flexonics Corporation 
in Memphis. He earned his B.S. in Industrial Engineering from the 
University of Tennessee and his M.S. in Industrial Engineering 
from the University of Houston in Texas. Mr. Bonds spoke on a 
paper he presented to earn his Masters Degree; its title is “An 
Investigation of Industrial Engineering Functions and Personnel.”’ 
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This paper was the result of a survey of 1000 companies to deter- 
mine the funetions which Industrial Engineers perform in In- 
dustry, and to evaluate the Industrial Engineer as an individual 
as seen in the eyes of Industry. 

Our August meeting was in the form of a dinner and dance held 
at the Mallory Officers Club. Families of members were invited 
guests. As an extra added attraction, our own Jimmie Barr pre- 
sented a short humorous talk entitled “Analyze Your Home, or, 
An Industrial Engineering Approach to Housekeeping.”’ 

In September we met at Union Planters Bank for a most im- 
portant session—the annual election of officers. After the election, 
a short film on Industrial Engineering was shown. 

MIDDLE TENNESSEE CHAPTER 

William Prather, senior plant Industrial Engineer for General 
Shoe Co., was elected president of the Middle Tennessee Chapter, 
at the July meeting. He succeeds the chapter's first presi 
dent, Wendell B. Graddy, of Tullahoma 

Other officers are Ernest Teasley, Manchester, vice president; 
Robert Koger, Tullahoma, secretary; and Harry Ginn, Tullahoma, 
treasurer. Named to the board of directors were: Mr. Graddy as 
membership chairman; Tom Bigger, Tullahoma, program chair 
man; Orrin J. Greenwood, Tullahoma, publicity chairman; and 
Lee Cushman, Tullahoma, constitution chairman. 

This dinner meeting, held at the Tullahoma Golf and Country 
Club, opened with a social hour and closed with the showing of 
two films by Mr. Greenwood, one on motion study by the State 
University of lowa and the other on conference leadership pre- 
pared by General Eleetric Co. 


New Officers of Middle Tennessee Chapter: Front Row, left 
to right: Ernest Teasley, Vice President; William Prather, Presi 
dent; Robert Koger, Secretary. Back Row, left to right: Thomas 
Bigger, Program Chairman; Harry Ginn, Treasurer; Orrin Green 
wood, Publicity Chairman; Wendell Graddy, Membership Chair 
man 
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ROCHESTER CHAPTER 


The Rochester Chapter, AITE, held its Annual Spring Con- 
ference on Saturday, March 30, at the Rochester Chamber of 
Commerce. Titled “Management Science in Action”, the econ 
ference was devoted to exploring the application of new scientific 
approaches to management problems 

Dr. Melvin EB. Salveson, Operations Research Consultant for 
the General Eleetrie Company, gave the luncheon address entitled 
“Looking Ahead in Industrial Engineering’ He emphasized 
our Inereasing responsibility to “design progress”. “Task forces 
of researchers are beating the bushes for new ideas, new con 
cepts”, he said ‘‘we must leave people free to do the unexpected 
It is this concept on which progress is based.” 

As the changes in Industrial Engineering become more com 
plex,” he said we “must focus our attention on the whole range of 
business activities. You ean’t change one part of the business 
without changing all other parts they are all interrelated.”’ 

Highlighting the discussions was atalk by Dr. Charles [ Miller, 
Staff Physician for the Kastman Kodak Company, entitled “The 
effect of Physiological Stress in Industrial Workers.”” He ex 
amined the increasing need for cooperation between the Medical 
profession and Industrial Engineers as a result of studies carried 
out nationally in the past several years to relate more directly 
working paces and heart rates. These studies have shown direct 
correlation of amount of energy expended on a job and heart or 
pulse rate. Close examination of the results show that length and 
Trequeney of rest periods have varying effeets on output, de 
pendent on the work load, nature of the work. and physiological 
make up of the individuals concerned. Dr, Miller conceded that 
work done, thus far, in this field is hardly out of the luboratory 
stages. However, it was emphasized that much is to be gained 
by continuing this type of research. Its potential impact can 
hardly be evaluated, but the progress made to date has been very 
significant. It is certainly an area that should bear more investi 
gation by Industrial Engineers 


Robert B. Murray, of the general comptrollers office, Hastman 
Kodak Company, discussed the “Financial Aspects of Capital 


Lquipment Justification.”’ He explored various methods of caleu- 
lating rates of return on investments and ways in which these 
rates can be used in capital budgeting problems 

Dr. Robert MeGarrah, Cornell niversity, discussed the 
problem of employment and inventory levels in a talk on “Pro 
duction Programming.’’ A demonstration of a linear programming 
approach to cost minimization for this ty pe of problem was given 


Rochester Spring Conference. Left to right: Dr. Charles I 
Miller, Eastman Kodak Medical Dept.; Mr. William L Diehl, 
eastman Kodak Industrial Engineer, Chairman of the Conference; 
Dr. Melvin bk. Salveson Operations Research Consultant for the 
General Kleetrie Company 
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James A. Richardson, Industrial engineer, Eastman Kodak 
Company, demonstrated various approaches to the measurement 
of Indirect Labor Operations. Robert W. Peacor and Melvin R 
Witmer, also Industrial Engineers, Mastman Kodak Company, 
discussed several man-machine Productivity Relationships. They 
demonstrated various solutions using basic algebra, probability 
and Monte Carlo techniques 

The success of the conference was excellent A total of 163 paid 
attendants was recorded. Of these there were 12 from chapters 
outside of Rochester and 121 non-members Twenty-eight eom 
panies from upstate New York were represented 


BOARD OF TRUSTEES’ MEETING 
National Headquarters 
Columbus, Ohio 

August 24, 1957 


The Board of Trustees of ATTE is the official governing body of 
your organization, This group meets to conduct business for you twice 
a year. The official minutes of the Auquat Board of Trustees’ meeting 
are published in the Journal to keep you informed of AITE achivity 

President Carson called the meeting to order at 9:00 A.M 
Among those in attendanee were 

Vembers of the Board of Trustees 

Gordon B Carson, President 
Floyd J. Titler, First View President 
Ralph W. Updegraff, Treasurer 
Frank F. Groseclose, Board Member-at Large 
Howard P. Emerson, Past President 
L. Slagle, Past President 
Harold T. Amrine, Central Region Vice President 
Harry Davis Northeastern Region Vice President 
Warren Alberts, Board Member-at Large 
Special Task Committes 
Matthew A, Payne, Chairman 
Business Administrator 
Don A. Trenwith 

1. The Minutes of the May 17, 1957, Board of Trustees were ap 

proved as presented 


OLD BUSINESS 


2a. Participation in United Engineering Trustees Building, New 


York City-—The Board of Trustees was brought up-to-date on the 
proposed move by the report of Matthew A. Payne, Chairman of 
the Special Task Committee and Gordon Bo Carson President 
After a considerable discussion of the pros and cons of such a 
move, the Board took the following action 

Mr. Slagle moved that the President of the AIIE. contact the 
building coordinator of the United engineering Trustees Com 
mittee and advise him that the ALTE would like Lo occupy space in 
the new United engineering Center; and that the Board of Trus 
tees take immediate action to request the Internal Revenue De 
partment to change the ATTE tax exemption status from 5O0L-e6 
to 5SOl-e-3. Motion seconded by Warren Alberts. Motion carried 
with one dissenting vote 

2b. Rotary Fund—No action was taken during this meeting be 
cause of the lack of complete information as requested of the Re 
search Committee 

2¢. Other Old Business 

2e1. Journal Printing Costs Various Board members disciussed 
their findings in inquiring into the cost of printing the ATT: Jou, 
nal. The consensus of opinion Was that the price charged by our 
present printer is well within line considering the quality of the 
work and particularly their excellent handling of formulae and 
other technical data 

2e2. Recognition of Industrial Engineers who have become Deans 


of Engineering Colle ges Colonel Groseclose moved that the name 
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of Dean HW. A. Fisher, Dean of Engineering at Washington Univer- 
sity, Bt. Louis, Missouri, be added to those recognized by the 
Hoard at the May 17th meeting. Seconded by Professor Emerson 
Motion passed, 


NEW BUSINESS 


Vemberehip Ne port The Membership Reports of August 1, 
1057, were reviewed by the Board. Colonel Groseclose moved that 
the Membership Reports of August 1 be approved as presented 
Mr. Amrine seconded the motion. Motion carried 

Sb. Financial Report- Colonel Groseclose moved that the Fi 
nancial Report be accepted as presented by the Treasurer. See 
onded by Mr. Tither, Motion carried 

tbl. Application Kee Change After considerable discussion 
the board wished to call the attention of the membership to the 
fact that future dues increases might not be required if the applies 
tion fee was increased to be more in line with the fee charged by 
other societies. No aetion was taken to change the fee at this time 

ke, 1967-68 Budget” The Budget as presented by the Treasurer, 
was reviewed by the Board with one change as shown below. The 
budget was approved for the fiscal year Oetober 1, 1957 to Septem 
ber 1958. The change 

Mr. Slagle moved that $5,000 of the 1956-57 operating surplus 


propos of Dean Sweigert’s article on page 189 of the 
Vay June Journal and of other recent articles in the pro 
fessional press [thought you might find the enclosed articl 
thought provocative and of very definite reader interest. If 
w, you are at full liberty to publish it either in Reader Com 
ments or in such other form as may best serve the purposes 
of the Journal and/or the profession of Engineering 

It was prepared as an answering challenge to the raucous 
clamor for all engineers to fall in line and JOT UNIONS, It 
wan attempt lo put in words the reasons for the misgivings 
and hesitancy of many of our best engineers lo be so regi- 
mented, To the extent that it may help engineers to clarify 
the fundamental reasoning that should prevail in a profound 
issue of this type it will have served its purpose very well, 

Some industrialists have told me it is an indictment of 
the present industrial system while some union officers have 
fold me that I masjudge the philosophy of present day union- 
ism, As no one has ventured to call me a communist for 
having thus expressed my thoughts 1 can’t help but feel that 
perhaps I have hit uponia sound middle ground upon which 
we, as a truly professional group, may take a firm stand 

Whether or not you see fit to print the article [shall te 


decply appreciative of your comments on it, 
ply apy / 


THE PROFESSIONAL PROBLEME EIN INDUSTRIAL 
RELATIONS 


Question, When is union not a union? 


Answer: When its members are truly professional people 
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and $5,000 from the 1957-58 budget be established as contingency 
reserve to meet the cost of the proposed move to New York City 
Seconded by Mr. Titler. Motion carried 

The Board directed the Treasurer, the Secretary and the Busi 
ness Administrator to make the necessary changes in the approved 
1957-58 budget to achieve the results directed in the above mo 
tion 

$d. Propoved Chapter Development Program — Mr. Alberts moved 
that the Chapter Development Program be approved in principle 
with the suggestion that the National Direetor of Programs and 
his staff may wish to simplify the operation and grading system to 
he used. Seconded by Mr. Amrine. Motion carried 

Se. Other New Business 

Sel. Request for Chapter Dues Advance The Board reviewed the 
request from an organizing chapter group and approved their 
request for a $50 advance to meet organizing expenses. Seconded 
by Professor Emerson. Motion earried 

Adjournment At 12:45, Colonel Groseclose moved the 
Bourd Meeting be adjourned, Seconded by Mr. Slagle. Motion 
carried 


Vole Next Executive Committee Meeting, September 28, 


1957, to be held at National Headquarters. 


Question: Why can’t professional people join a union? 
Answer: They can join one, but not in legitimate antici- 
pation of the normal fruits of unionism. They cannot 
seek seniority, compulsion, tenure, uniform wages, or 
uniform benefits for all the union members. 

(Juestion: Why can’t they legitimately seek seniority, for 
example, through a union? 

Answer: Because, if they were granted, and lived under, a 
normal seniority system they would no longer be pro- 
fessional people! Under normal conditions a professional 
man knows that his advancement is, and should be, based 
strictly on his creativity and useful productivity. He knows 
that based on these alone he should be hired, fired, re 
tained, promoted, or demoted. 

When a union and an employer bargain collectively 
each must give up something to the other to gain something 
it wants for itself. The union obtains seniority, for ex- 
ample, while an employer obtains an agreement not to 
strike the plant. Or the union obtains a fringe benefit 
while the company obtains a reduction in the amount of 
hourly wages it might otherwise have had to pay. Such 
is the very nature of union bargaining. 

But why can’t the professional man better himself this 
way too? He can’t, because if his value to the employer 
lies in his being a truly professional man (not merely a 
highly trained technician), then he has nothing with which 
to bargain! He cannot say, for example, “I will give up 
or shade my ethies for a faney seniority plan,” or, “I 
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will give up my right to publish newly discovered scientific 
truths in exchange for a wage increase or a pension plan.”’ 
Neither can he say, “I will give up my right to con- 
scientiously practice my profession and instead do the 
striet bidding of my superiors in exchange for a promotion 
or fringe benefit’. He cannot do this because the moment 
he gives these things up through individual or collective 
bargaining he is no longer a professional man in the eyes 
of his peers. A professional man has only his reputation, 
his talents, and his integrity with which to make his 
professional progress and income. He cannot delegate 
these away to a union agent to put on the bargaining 
table for him. He is unlike the laborer who can truly 
delegate or assign his vote to perform any fitting task for 
any employer willing and able to pay agreeable wages. 

Perhaps a true case from industry will illustrate the 
problem of the professional man and his employment status. 

My client, the company, had engaged a doctor to give 
preemployment physicals to otherwise acceptable appli- 
cants. The examination was to be routine and not of an 
exhaustive nature that would permit the detection of 
certain uncommon social diseases. However, the doctor 
was told that it was strictly company policy never to 
employ a person with any of certain disabilities or specified 
social diseases. The doctor practiced half time at the plant 
and half time at his own office. One day the doctor was 
asked to pass on the physical acceptability of an applicant 
that had for the past year been under private treatment 
by this same doctor for a social disease. The company 
examination did not cover the particular condition but 
the applicant merely had checked “NO” on the medical 
questionnaire form that inquired about the disease. 

There was a practical professional ethics question as to 
whether the doctor’s duty lay first to the employer, to 
the patient, or perhaps to his profession. There was not 
much question but that other doctor's patients under 
similar conditions had secured employment with the 
company, ‘Vhat should he do? He confided the problem 
to me as a professional consultant to the company on its 
industrial relations activities. As the doctor was under a 
definite dollar contract with the company, the company 
felt it could and should dictate the policies it) wanted 
carried out. T recommended, and the company and the 
doctor agreed, that the contract be torn up and that a 
truly) professional relationship be established whereby 
the doctor was given a free hand and both the company 
and the doctor could immediately sever connections if 
either became dissatisfied. In this way the company 
obtained true professional services that could be retained 
or stopped at will. The doctor kept his professional status 
as he no longer had to work under rigid company policies 
but sold his good services for as long as they were wanted. 

This illustration, while lengthy, is necessary to point 
out the peculiar status of the truly professional man. 
He works under the rules and laws of nature and of his 
professional organizations. He must always be in a position 


to abide by them regardless of what a particular employer 
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may want or direct him to do, It illustrates why many 
first class musicians and teachers, among others, no longer 
have true professional status since they play, teach, 
perform, or act only what others tell them they may or 
must. They do not have the liberty of selection or move 
ment that characterizes the professional person. And as 
long as they are willing to give this up for security, tenure, 
uniform wages, ete, they have automatically withdrawn 
themselves from the professional class and status. Many 
will say, | am sure, that since they can't be both, they 
have made the wiser choice of being good union people 
rather than good professional people. At least, many 
seem happier this way and | have no fight with their 
choice. 

We started by asking the question: When is a union 
not a union? And it was answered: When its members 
are truly professional people. We now close by asking: 
When is a professional man not a professional man? 
And it is answered: When he gave up this status by band- 
ing together to bargain for the normal objectives of 
unionism. — Elmer C. Hughes, Industrial Consultant, Syra 
cuse, New York. 


NOW —your one-volume 


enclyclopedta of the 


TOOLS, MATERIALS, and PROCESSES 
of modern manufacturing— 


Just Published 


MACHINE TOOLS 
for METAL CUTTING 


By W. ARMSTRONG 
Protessor of Industrial Engineering, Penn State U. 
347 pages, 212 tlustrations, &§.00 

The easy-té-use organizational plan of this book makes it 
valuable on the job, when you want tacts in a hurry. Here 
is an A-to-Z description of every principal type of machine 
tool, Fach section is followed by a summary in outline form 
which gives you at one quick glance the basic facts and 
data you need about some important piece of machine 
shop equipment. More than 200 clear photos and labeled 
drawings help you do a better job in all phases of modern 
machine-shop manufacture! 

Order today from: 


Journal of INDUSTRIAL ENGINEERING 
225 North Ave., N.W. Atlanta, Ga. 
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AUTOMATION 


“Eleetronic Data Processing Machines,”’ by D. H. Ware, W. J. 
Martiny and F. J. Maginnes, Mechanical Engineering, page 632, 
July 1957 


Klectronic data processing machines are applicable to 
nearly all engineering activities, resulting in more efficient 
engineering Operations, and more effective management con- 
trol. They broaden the base for decisions, speed up research 
and development studies, and foree standardization of pro- 
cedures as well as products. The gains from an integrated 
data processing system are sizable, but the problem of select- 
ing the equipment, and recruiting and training the operating 
staff also are sizable. On « large project, several years may be 
required to regain the starting costs out of the savings from 
using the system 

In addition to the many applications in accounting and 
are 


offering new opportunities in all activities of engineering from 


business, electronic data-processing machines, 
research and development studies, major design planning, 
production-engineering design calculations, on through the 
documentations of engineering information leading up to the 
generation of manufacturing tnstructions 


“The Automatic Pipeline,” by M.'T. Nigh, The Oil and Gas Jour 
nal, page SY, July 8, 1954 


The automatic pipeline has been in the making for 30 years, 
ever since the first unattended pump station was built, Auto 
mation in one form or another is being relied on increasingly 
to handle a growing job of transporting petroleum and natural 
gas economically and efficiently. The automatic pipeline has 
been put together little at a time, and now the whole is com 
plete save for one final part. Remote-controlled stations have 
become commonplace. The next chasm to be bridged is from 
remote control to a completely self-controlled system. This 
will mean turning over the chief dispatcher’s decisions to a 
computer, which up to now has done almost everything with 
a pipeline but run it 


RECENT READABLES 


“New Digital Computer is Expecially Designed for Process Con 
trol,’ by D. He. Stormont, The Oil and Gas Journal, page 151, 


September 2, 1957 


A great step toward the much-discussed ‘push-button’ 
refinery will take place next year. A new digital control 
computer, specifically designed for automatic control of re 


finery and petrochemical processes, is scheduled to be incor- 


porated into the control setup of a refinery process 


When used as a central unit of a process control system, 


the new computer can automatically read process instruments, 


perform the computations necessary to relate these readings 


to process objectives, determine the control actions which 


will result in optimum plant operations, and activate the 


process mechanisms or adjust set points on supervised con 


trol loops to bring about the desired operations 


GENERAL 


“Preparation and Evaluation of an Industrial Report,’? by C. L 
Tutt, Jr., General Motors Engineering Journal, page 30, September 
1957. 
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Industrial reports assist management in making policy 
and operating decisions by presenting factual information 
about current or future operating and product design prob 
lems. Because of their importance it is essential that such 
reports be prepared in a uniform manner and be complete 
concise, and accurate. Since 1945 General Motors Institute 
has supervised the preparation of over 2,000 industrial reports 
required as part of the Fifth-Year program leading to a Bac 
calaureate degree in either engineering or business adminis 
tration. Experience gained with the wide range of material 
covered in these reports has lead to the development of speci 
fications which maintain organizational uniformity in their 
preparation and final make-up. A set of guiding questions also 
has been developed which serves to evaluate the report as to 
its technical content and logical presentation of this content 


“How to Build Good Communications,’’ by Editors, Jron Age 
page 33, August 29, 1957 


Management has come to recognize that many of its bad 
decisions are the result of poor internal communications 
Some companies are actively trying to see that they are not 
the victims of faulty means of keeping all levels of the com 
pany informed. This means not just management, but workers 
as well. This survey of hundreds of metalworking plants shows 
management's growing awareness of this fact and what it is 
doing to improve its lines of communication 


“Planning Product Strategy,’’ by P. R. Maruin, Machine Design, 
page 110, June 13, 1957 


Planning product strategy is undoubtedly the most taxing 
and harassing problem confronting a company. At the same 
time it is one of the most challenging opportunities. The hori 
zons are relatively unlimited. The planners must take all of 
the available facts and, anticipate probable patterns of indus 
trial and consumer activity in years ahead, set programs in 
motion designed to fit into these new patterns. This article 
considers the overall aspects of product planning; subsequent 
articles in this engineering-management program will explore 
five essential phases: 

1. Finding New-Product Ideas 

2. Screening and Appraising Ideas 

3. Testing and Evaluating Proposals 

1. Commercial Development of Products 
5. Preplanning for Production 


MATERIALS HANDLING 


“Computers Control Warehouse System,’’ by Editors, Modern 
Materials Handling, page 150, June 1957. 


A completely new concept of automated warehousing based 


on an over-all “system” approach means faster service, lower 
costs, and fewer errors in warehousing operations. Highlights 
of the overall warehouse system include 

1. Automatic controls for directing order-accumulation 
operations. 

2. A case sealer that adjusts automatically to five different 
sizes of shipping container. 

3. An automatic tally that spots human errors in routing 
before shipments are made. 


Volume Vill, Number 6 


!. Controls for sorting outgoing shipments 

5. An automatic set-up that stacks cartons six high on 
accumulation lines on the shipping dock. This saves dock 
space 

6. A mechanized system for paperwork that eliminates 
delays from this source 

7. Provision for expansion within the present building and 
the present system 


“How Operations Research Aids Materials Handling,’’ by I. 
Heftner Vodern Materials Handling, page 107, August 1957. 

While many definitions have been proposed, actually opera- 
tions research is nothing more than the application of scien 
tific method to industrial problems. In materials handling, 
it can be applied to attain the following objectives: 

1. Determining plant and warehouse locations for mini 
mum distribution costs and maximum profits with linear pro- 
gramming methods. Optimum utilization of machine capac- 
ity (ineluding powered materials handling equipment) is 
another use to which linear programming may be put 

2. Determining personnel requirements for storerooms to 

assure smoothest operation with minimum clerical idle time 
and customer waiting 

3. Maintaining inventory at minimum levels while assuring 
optimum service to customer 


The Push-Button Warehouse,’ Fortune, December 1956 

Automated production lines have been turning out goods 
faster than antiquated warehouses can handle them, and to 
break the jam Industrial Engineers are now applying the 
automation principle to the warehouses themselves. Describ- 
ing how a number of companies are speeding up their ware- 
house procedures with computer-controlled conveyors and 
other automatic devices, the author concludes that, despite 
the necessary changes in packing methods and the high cost 
of the equipment, push-button warehouses will bring sub 
stantial long-range savings. 


“Simplified Storekeeping for Smaller Organizations,”’ by Stanley 
Hi. Mansbridge, Office Management, January 1957 
For the small company that cannot afford expensive elec 
tronic methods in storekeeping and inventory control the 
iuthor outlines alternative procedures for simplifying and 
improving these funetions. He describes some forms to facili 
tute accurate record-keeping and suggests that continuous 
tock-taking can eliminate the dislocation caused by a once 
a-vear inventory cheek 


“How to Plan Receiving Operations—Part I,” by H. G. Weiss, 
Vodern Materials Handling, page 123, September 1957 
This is the first part of a comprehensive report on how to 
obtain an efficient receiving operation. Top management, 
focusing more and more attention on this area, now recognizes 
it as a gateway of opportunity for cost reduction often over- 
looked tn the pust 
tused on text material from General Electric Company's 
teceiving Operations Workshops, here are proven methods to 
help you analyze your own operation, make improvements 
ind measure performance. This article proposes several ways 
of providing a faster, more accurate and economical receiving 


service 


“New Tool for Automatic Handling,”’ by L. L. Boseh, Modern 
Vaterials Handling, page 107, September 1957 
Describes how the new techniques of static control, pre- 
viously used almost exclusively with automatic machine tools, 
perform a precise materials handling operation. The system 
is a complex warehouse in which cartons from 11 production 
lines converge to a single line for dispatching to any of 72 
storage lines 
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A high degree of precision is necessary in the operation. 
The accuracy and dependability of the static control circuit 
has made this possible 

This system consists of four major parts 

1. Transport and merging system, which conveys cartons 
from the respective production areas and merges the flow onto 
a single line leading to the jib crane conveyor, or dispateh 
point. 

2. Jib crane conveyor, which identifies the cartons by refer- 
ence to a memory source and delivers them automatically to 
any of 72 “on conveyor’ storage lines 

3. Magazine storage, which consists of some 11,000 ft. of 
gravity roller conveyor. These are arranged in three groups 
of three conveyors wide and seven, eight and nine conveyors 
high, respectively 

1. Conveying system from storage to shipping docks, which 
is an intricate arrangement of fixed and swing-powered con 
veyor sections and gravity lines for selectively conveying 
cartons from 69 of the 72 storage lines to the four loading dock 


areas. 


QUALITY CONTROL 


“Statistical Tolerancing,”’ by R. L. Thoen, Machine Design, page 
121, June 13, 1957 
Tradition and human inertia have been largely responsible 
for the widespread neglect accorded the matter of product 
tolerances. As a consequence many drawing specifications are 
incomplete, redundant, meaningless and unnecessarily close 
Likewise, product parts are made and inspected according 
to so-called “practical” interpretations of these unrealistic 
specifications 
To avoid this dilemma, it is necessary to specify produet 
tolerances that are just as liberal as assembly functional re 
quirements will permit. For interchangeable manufacture, 
this criterion means tolerances based on probable rather than 
additive combinations. Designers should be familiar with 
those parts of probability theory that have to do with how 


tolerances combine 


WORK MEASUREMENT 


“Leveling Peak Office Workloads,”’ by D. A. Stivers, Modern 
Office Procedures, page 3, February 1957 
One of the most serious problems affecting normal office 
operation is frequent fluctuation of the workload level. One 
company’s solution has made it possible for clerical personnel! 
to handle peak loads without disturbing the normal routine 
The solution was a work measurement program and the appli 
tion of its findings in two ways: 1. a forecast of personnel as 


signments according to departmental work loads; 2. the crea. 
tion of an exchange group which makes it possible to trade 
personnel among departments when the workloads fluetuate 


BOOKS 


Appraising the Economics of Electronic Computers, by Vrank 
Wallace, Controllership Foundation, Ine., 2 Park Ave., New 
York 16, N. Y., 1956, 106 pages, $4.00 
A systematic inventory of the procedures to be followed in 
determining office equipment requirements, estimating the 
cost of computer installations, selecting and training elec 
tronies personnel, and scheduling computer operations 
Appendices include a review of the basic concepts of compu 
ters, a listing of computers commercially available, and a 
brief explanation of Operations Research 


Automation in Business and Induatry, edited by Mugene M. Grabbe 
published by John Wiley & Sons, Ine, 1957, New York, N. Y., 611 
pages, $10.00, Cloth bound 

The fundamentals of automation, new developments in 
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automation, techniques, and deseriptions of automation sys 
teme are included in the wealth of information supplied by this 
new work 
Based on a series of lectures given by a number of engineers 
and scientists at the University of California, the book shows 
how the fields of feedback control theory, instrumentation, 
analog and digital computation, and data processing are now 
becoming integrated as automation is applied on a broad 
Operations Research, Special Report No. 17, American Management 
New York, N. Y., $4.75 (AMA mbrs. $2.50), paper bound 
Operations research, for many executives, is surrounded 
by a fog of unfamiliar language and mathematical formulas 
that will be dispelled only when the techniques used and the 
resulting benefits are explained clearly and simply in non- 
technigal terms. This AMA report does a commendable job of 
fog dispelling 
After a general review of operations research and its back 
ground, company executives outline particular phases of their 
work in whieh they are using OR suecessfully. The problems 


ire stated in standard business terms, and the processes by 
which they were found and isolated are traced in detail. Then 
follows a complete deseription of how the necessary data were 


developed, what specific OR approach was applied, and in 
many cases, how the answer to one problem led to the dis- 
covery and solution of others 
Quality Control for Plastics Engineers, edited by Lawrence M 
Debing, Reinhold Publishing Corp., New York, 1957, 142 pages 
$i 
Using the theme “quality cannot be inspected into a prod 
vet; it must be built in,” the ten papers presented in this 
volume attempt to show that the more adequately plastics 
are controlled, the less is the likeli 
hood of serap and rejects in making plasties parts. Authored 
by experts in the field of statistical quality control, the papers 


processes 


ete examples of statistical quality control techniques cur 
rently used in the industry 


Standard Costa: How They Serve Modern Management, by 

Bennett, Prentice Hall, Ine, 

pages, 
Desert 


Clinton 
kenglewood Cliffe, 5385 


standard cost procedures, as used by many in 
dustrial companies, to include not only accounting but man 
mwement and engineering as well) Management determines 
the program; engineering develops the methods, procedures 
and standards; accounting applies money values, provides 
controls and COn pares results. The author follows the eon 
sultant approach and the case method of illustrating proce 
dures 


Statistical Methods in Quality Control Dudley J. Cowden, Prentice 
Hhall, Dove New York, N. Y., 1957, 751 pages, $12 cloth 
The first 12 chapters of this book are concerned mainly 
With statistical methods in quality control, Others chapters 
deal with process and product control, elementary prineiples 
of probability, binomial and multinomial distributions, use 
of control charts, analysis of defeetives, principles of lot 
sampling for attributes, and double sampling 
Although mathematical derivations of some formulas 


rece ptanece 
are 
given, nothing has been included that is mathematically dif 
feult. The more tedious mathematical proofs are given 
ippendices at the ends of chapters 


Successful Office Automation, by Ralph W. Fairbanks, Prentice 
Hall, 


englewood Cliffs, No 1956, 355 pages, $10.00 


THE JOURNAL OF INDUSTRIAL ENGINEERING 


The author has directed his presentation to the business 
man faced with the problem of systems revision and improve 
ment of office activities. His explanation of the systems ap 


proach and various levels of office automation is excellent 


Engineering Manpower -How to Improve Its Productivity, by 
George A. Von Peterffy, et al., Graduate School of Business Ad- 
ministration, Harvard University, Boston, 1957, 162 pages, $18.50 
An analysis of how industry is utilizing and motivating its 
engineers, this report is aimed at showing managers and ad- 
ministrators how and where engineering productivity can be 
increased. It is based upon a rather extensive survey and 
evaluation of industrial philosophy, policies and practices 
affecting engineers. 


Votion Economy and Work Measurement, by Robert Lee Morrow, 
The Ronald Press Co., New York, 1957, 468 pages, $7.50 

A revision of Time Study and Motion Economy published 

in 1946. New material includes application of motion economy 

to office work, micromotion study, uses of photography for 

work analysis, and organization for methods improvement 


Practical Automation: Methods for Increasing Plant Productivity 
by Lester R. Bittel, Morely G. Melden and Robert 8. Rice, Me 
Graw-Hill Book Company, New York, 1957, 384 pages, $7.50 
(This book ean be ordered from The Journal of Industrial Enginee 
ing ) 
The authors, associate editors of Factory Management and 
Vaintenance, have drawn freely upon their exposures to vari 
Olls phases of automation and have presented a“ practical 
guide to show how automation has been and can be used in 
manufacturing plants to increase productivity, cut operating 
costs and improve safety and working conditions 


aqe Incentives As 1 Vanagerial Tool, by William Wolf, Colum- 
bia University Press, New York, 1957, 143 pages, $3.50 
A study of wage incentive practices and experiences in 
manufacturing plants 
The author undertook his study of wage incentives to ree 
oneile the conflicts between claims for beneficial results and 
actual results achieved by wage incentive installations. This 
report should receive serious consideration from all indi- 
viduals interested in incentives of any form 


Statistics for Management, by B. J. Mandel, Dangary Publishing 
Company, Baltimore, 1956, 408 pages, $6.00 

‘A simplified introduction to statisties,’’ directed to the 
nontechnical individual. Well presented and generously illus 


trated with interesting examples 


Location & Space Economy, by Walter Isard, The Teehnology 
Press and John Wiley & Sons, Ine., New York, 1956, 350 pages, 
SS 75 
The basie objective of this book is to improve the spatial 
and regional frameworks of the social science disciplines, par 
ticularly economics. The author’s theory tries to unravel the 
dynamic interplay of social and economic forces not only as 
they determine plant location, but also as they influence 
industrial coneentrations and the geographic spread of in 
dustry among the several regions and nations of the world 


Office Automation— Integrated and Electronic Data Processing, by 
R. Hunt Brown, Automation Consultants, Ine., New York, 1956 
300 + pages, $25.00 

An overall presentation of data processing, discussing 
almost all aspeets of EDP & IDP, including various available 
equipment. An updating service is available to insure coverage 
of new developments 
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OPPORTUNITIES 


WHAT EP ES 

The industrial engineering opportunities service is a funetional 
committee of the American Institute of Industrial Engineers 
which collects information concerning employment opportunities 
on a nationwide basis and provides this information to members 
upon request. The committee is composed of members from the 
Columbus, Ohio chapter and the information is furnished free as 
a service to industry and Industrial Engineers 


SERVICE PROVIDED 


Some of the known job Openings will be published in condensed 
form in each issue of the Journal of Industrial Engineering which 
is issued bi-monthly to over 6,000 members and student members 
of the 

In addition, a monthly L. ke. Opportunities Bulletin is supplied 
to over seventy chapters located throughout the United States 

each job opening is assigned a “P’’ number for identification 
The name and address of the person to contaet for additional 
information concerning a specific job opening is sent to members 
on request 


ADDRESS OF THE SERVICE 


SERVICE 

American Institute of Industrial Engineers 
145 North High Street 

Columbus 15, Ohio 


EMPLOYERS 


employers having openings for qualified Industrial Engineers 
are invited to list them with the Industrial Engineering Op 
portunities Service, Government agencies and educational in 
stitutions as well as business and industry are urged to take 
idvantage of this free service. By publicizing your job openings 


INDUSTRIAL ENGINE 


ition 


Industry, 
number 


Navy 
Kleetrie, Mig Mo 
Education Mass 
Ldueation Cal 
education 
Wdueation 
ducation Wis 
ducation 
education 


t 


OW 


Puerto Rieo 
Iiducation Va 
Garment Mfg Northeast 
Paper Mill Wis 

tubber Products 

Mgmt. Consult 
idueation Neb 

Mgmt. Consult 


November December, 1957 


with our Institute, you are sure of reaching high calibre men who 
have passed the Institute's striet membership qualifications and 
are fully qualified to f'l many types of Industrial Engineering 
jobs 

Industrial Engineers are often employed in such fields as Work 
Measurement, Production Control, Plant) lengineering, Opera 
tions Research, Industrial Relations, Sales, and Management 
For «a more complete coverage, see the following list of job class 
fications. Please do not hesitate to forward information on jobs 
in any area where it is reeognized that an Industrial Engineering 
background will be of value 

To list your job openings with the Opportunities Service, send 
all or part of the following information with the name of your 
contact man to the above address: Type of industry, location, job 
classifications, minimum educational and experience qualifica 
Lions, and salary range 

This information will be publicized to the members in con 
densed form in the JourNat and in monthly chapter Bulletins 
Company names are not shown. Should you desire a large ad 
elsewhere in the JounNan advertising rates will be quoted upon 
request. 


MEMBERS SEEKING JOB OPPORTUNETLES 


The following list shows job openings available just before press 
time. If you would like more information about one or more of the 
positions listed, mail the “P" numbers with your name and ad 
dress to the Opportunities Serviee at the above address, The 
Service will advise you by return mail of the name and address 
of the person to contact for further information, or advise you if 
the position is no longer available. Your name will not be for 
warded to the company with the job opening so you must take 
the initiative yourself 

For more current listings, econtaet your local Chapter Seere 
tary or Opportunities Chairman for the latest monthly Bulletin 


-ERING OPPORTUN 


Salary (Qualifications required 


assitiation number 
see hey Ave range 


Kange in Ady. degree Vears of 
$i req? exper 
from 


' 
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- to 
19 41, 42 
) 
Ww 
10, 30, W, 
1O, 20. 30. 42. 66 1560 
1.24.8 MUS 
27 37, 53, 31 
28 
20 $7, 31 
11, 45, 80, 70, 32 15 
32 
x 40 
1 x 10, 21, 31 ‘ §-7 
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INDUSTRIAL ENGINEERING OPPORTUNITIES 


Industry location 


Hospital 
Airline 

Steel Products 
Chemical Proe 
Chemical Proe 
Graphic Arts 
Hyd. Press Mfg 
Navy - 
Machine Tool 
Army Ordnance 
Kedueation 
Steel Products 
education 
Mgmt. Consult 
Airline 
Consultant 
Army Ord 
Trans 

Post Office 
Mining & Smelt 
Mining & Smelt 
Household Prod 
Textile Co 
Kedueation 
Publie Utility 
Linoleum Mfg 
Foundry 
education 

Syn 
Paper Mill 
Foundry 
Airframe Mfg 
Navy 

Kailroud 
Timber Mill 
Process 
Manufacturing 
Air Force 
Durable Goods 
Mill 
Hleetrical 
Sugar 

Aireraft 

Paper 
Aireraft 
Chemical 
Aireraft 


Chemicals 


Consult 


Paper 
Foundry, 
Instruments 
leetrical 
Mfg 

Paper 

Air Force 
Navy 

Navy 
Printing 
Mineral Prod 


Fibers & Films 


Cal 
‘) 
Conn 
NY 

4) 

Pa 
Wis 
Pa 
Pa 
W Va 
NY 

Il 
Pa 
Panama 
Minn 
NM 
NM 
‘) 
(ia 
NY 
Va 
Cal 


Pa, Va, W Va 


Pu 

Midwest 
Md 

Md 

N West 
NJ 

Ala 

NY 

Pa 

Muss 
ND, La, 
Wash 
Oversens 
Nu 

Tex 

Ala 


SC, Conn 


Trave 


Job classification number 


ee key) 


11, 13, 42 

10 

1, 13 

10, 20, 31, 42 

2b 

13, 21, 38, 42, 47 
70, 42, 43 


92-38, 40, 13 
91--(10, 20, 30, 
10, 20, 30, 40 
, 38, 5O, 
37, 42, 38 
or 60 
13, 18, 37, 


11, 19, 30 


WD, 


91-30, 40 
| 95 


11, 13, 21, 42 


It, 13, 21, 42 


92 or 37 or 11 
13, 43 

13, 30 

10, 20, 60 


3, 19, 70 


11, 40, 70 


71 

11, or 16 or 37 
10, 20, 30, 42 
Lb 


11, 13, 42, 43, 5 

9, 53 

11, 533 


M), 52 
42, 26, 11, 53, 81 


Salary 


Range in 
$1,000 


=> 
to Ww 


ao 
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(Continued) 


Ady. degree 


Ph.D. 


Qualifications required 


Years of 
exper 
from 
0-2 
3.8 
3-5 20 


~ 


Volume Vill, Number 6 


Age range 


30 


to 


oo 


40 


40 


number 
| 
42 | 10 4 | 
45 x | 11, 13 
1 11, 13 4 
= 17 22, 23, 42, 43 
18 22, 23 
19 11, 20, 42, 43, 70 a 
5.4-6.6 
| 
65 | 
67 6.1-7.6 
= 
| x 70 
x | 13, 21 
, 13, 31, 37, 70 749 2-4 
j 18 9.5 | 
77 7.7.6.5 { 
78 = | 
79 6-9.4 
+R | 0-5 
1.8-7.5 | = 
5090.0 | 
0-3 
| 
ut PY 10, 20, 42, 43, 72 0-5 
11, 13, 42 | 23 
| 
z Ob | 92 13, 19, 11, 40 5 | & | = 
40 7.5-8.6 3.5 | 
"7 | | 8.4 | 
x 35 | 
“9 12-15 | 35 | 45 
100 15+ B | 37 | 42 
wl | 5.4 : | 
5.2-6.0 
104 6.0-7.0 
6.5-11.0 
107 | 
108 x | 35 | = 
606.5 ~ r 
10 5.4-6.6 | 
| = 
112 Tex 
NJ | | 62 4 
115 a 
116 NY 8.0 
117 Mass 
Gia 
(in 7.0 
121 Cal 6.1-7.6 2-6 
i 122 Va | 
124 NJ 
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142 
144 
144 
145 
146 
147 
148 
149 


15) 
152 
153 
155 
157 


INDUSTRIAL ENGINEERING OPPORTUN ITIES—(Continued) 


Industry, location 


Chemical Mich 
Boilers-Fdry 
Theatrical NY 
Cartons Conn 
Education 

Heat Exchangers 
tadiators 

Oil Seals 

Flour Mills 


ieducation* 


Minn 

W Va 
Midwest 
Pa 
Chile, 5 
Wise 
Ind 
Mass 
Toronto 
Midwest 
NY 
Texas 
Vt 

Ohio 
Ala 
Italy 


Klectrochemical 
Hospital 
Coppert 
Wax 
Pharmaceuticals 
Magazine- Editorial 
Steam Electric Power 
Consumer Products 
Construction 
Aircraft 
Lithography 
Air Force Depot 
Paper & Bag Mfr 
Steel Mill 
Agricultural Market 
ing 
Aireraft Engines NJ 
NJ 
Ky 
Texas 
Va 


Texas 


Medical Supplies 
llectronics 
Woodworking Tools 
Metal Furniture 
electronics 

Plastics 

Aircraft 


Texas 
Colo 


Begins Sept 


3 yr contract 


Job Cassification 
Motion and Time Study 
Methods Improvement 
Suggestion Systems 
Work Measurement 
Perf 
Stop Watch Time Study 
Std. Time Data Dev. & 
Applic 
Predeter 
Time Stds. 


Work Sampling 


and 


Stds 


Klemental 


Iestimating and Costing 
Wage Payment 

Incentive Plans 
For Production Workers 
For Prod. Workers 
For Supervisory Per 

sonnel 
Job Evaluation 
Wage Administration 


November December, 1957 


Wash, D 


Production Engineering 


Plant engineering 


Salary 
Job classification number 
(See key) 
Range in 
$1,000 


Ady 


13, 21, 43, 33 
20, 30, 42, 
2, 43, 45, 49 


. Prof. 


7.2 


1S 
6.0-8. 


A ‘ 39, 4 9.0 


5.9 


5.0 
11.0 

15 + Bonus | 
11.0-14.0 


, 70, 90 
13, 50 


13 


Mgmt. Engrs 


AIITE OPPORTUNITIES SERVICE 
Key to Job Classifications 

No 

45 

7 


Job Classification Job Classification 


Specif., Select. & Eval 
Production Control Replacement 


Process Planning and 


Routing 


Automation 
Plant Maintenance 
Cap. Budget. Facil 

Operations Research 
System & Simulation with 
**Models”’ 
Mathematical Analysis 
keonomy Studies 
Auto. Data 
Computers 
Market Research & Fore 
casting 
Industrial Relations 


Scheduling and Loading 
Flow Process Charting 


Plan 


Inventory Control 
Cost Anal. & Reduction 
Statistical Quality 

trol 
Budgetary Control, Stand 


ard Costs 


Con 


Proce. with 

Tool and Gage Design and 
Control 

Plant Loeation & Expan Personnel Administration 

sion 62 


65 


Personnel Testing 
Plant Layout 

Material Handling 
Machinery & Equipment 


Personnel Training 
Industrial Psychology 
Labor Relations 
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degree 


Qualifications required 


Years of Age range 


exper 


13 (P.E.) 


ts to 


tS 


Job Classification 
Safety Engineering 
Suggestion Systems 
Systems and Procedures 
Admin, & Operating Pro- 
cedures 
Organization 
Manuals 
Records Admin 
Control 


Charts and 


& Form 


Product Design 
Packaging 
Management and Supervision 
Industrial 
Supr 
Chief I. or Equiv 
Plant bengineer 
Production Supervisor 
Plant Mgr., Faet. Mgr., 
Works Mgr 
General Manager 


Position 
from to 
125 15 
127 10-12 5 
128 4.8-5.9 
129 Asst 
130 92—37 8.0-10.0 
131 44, 48 6.5-7.6 | 
132 10, 20, 42, 45, 53 6.0 2 25 30 
133 | X | 11, 13, 42, 43, 94 | s.4 | 40 
134 53 40 
135 9280 ) 
136 2- 
137 
138 11, 19, 42, 47, 81 2-4 
139 | 1, 13, 21, 42, 44 | 
140 | 43 | | 
41 | 93-80 45 
92-36, 38 | | 15 
15, 19, 39, 42, 44, 53 | 4.864 2-5 | 45 
31 | g 
| 7.0-7.6 | 
| 10, 20, 35, 43, 54, 70 | 
x | 30, 42 12 | a9 | 40 
| | X | 10, 42, 43, 53 6.1 ! 
| 
11, 18, 38, | 5 | 
11, 21, 30, 42 
10, 32, 39, 40 4.8-7.2 2-5 
| 
30, 36, 44 | 5-10 | 30 | 4h 
ll, | 3 
| | | 
| 
_ 
No No. No 
10 30 66 
31 67 
12 32 70 
13 is 71 
33 49 
15 35 5l 
36 73 
16 37 52 
3s 
19 WW) 
AY 39 9] 
21 
22 0) 
2% 11 
24 
42 
2s 14 : 
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Schaller, Jerome 1)., Labor Looks at Automation, September- 
October 1957, p. 279. 
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